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Abstract 
The Danish poultry industry shifted to the use of feed derived from genetically-modified (GM) 
soybeans in February 2014, causing the potential for CO2 emissions from land-use change in 
Argentina and Brazil to meet the demand. This problem is investigated within a framework of 
“hybrid geography” and actor-network theory, allowing for a mixed method investigation of the 
interconnections between both human and nonhumans. These heterogeneous networks are traced 
out by following the natural, social, economic and political developments which came to 
influence the Danish poultry industry’s shift, which is further quantitatively linked to its potential 
impact on carbon stock levels from the spatial expansion of GM soybeans. 
 
The analysis focuses on the differing lengths of and connections between GM and non-GM 
soybean networks, and how technologies such as the rendering of meat and bone meal, GM, and 
agricultural cultivation mobilized change within the social and natural worlds. These 
technologies were able to facilitate highly interconnected and expansive networks due to their 
efficiency and economic benefits, but also had unintended side-effects on natural networks, 
which “kicked back” in the form of BSE, “super weeds” and CO2 emissions. The outbreak of 
BSE strengthened the EU’s reliance on soymeal for feed, and lead to EU regulatory change 
which did not require the labeling of animals fed with genetically modified feed. As a result, the 
GM-free “quality” of Danish poultry was not identifiable for consumers. The lack of labeling 
combined with the comparative inefficiency of cultivation, dwindling supply and extra 
administrative costs related to non-GM feed reduced the competitiveness of the Danish poultry 
industry, motivating the shift in feed. Over 115,000 hectares of land would have to change to 
facilitate the shifting demand, leading to highly differing CO2 emissions depending largely on the 
type of vegetation on the changed land. Lack of precise data limits the conclusiveness, and 
motivates case-by-case evaluation of future changes in agricultural production and land-use, to 
account for environmental externalities.  
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1. Introduction 
This chapter introduces the problem area, problem definition, and working questions of this 
research project. The main focus is on the relationship between the recent shift within the Danish 
poultry industry to incorporate genetically-modified feed into its livestock production, and the 
potential resulting CO2 emissions from land-use change in South America to provide space for 
cultivation.  
1.1 Problem Area 
As of February 2014, the Danish poultry industry made a collective decision to begin utilizing 
poultry feed containing genetically-modified (GM) soybean meal to feed its 117 million broiler 
chickens (Landbrug og Fødvarer, 2013). GM technology has allowed for more efficient soybean 
production, but the consumption and cultivation of GM products remains a controversial issue 
amongst politicians, citizens, and scientists within the European Union (EU) (Herrick, 2005: 
286; Legge Jr. & Durant, 2010: 59). Despite the controversy, GM soybean meal is one of the 
most important feedstuffs for the EU livestock industry, as it provides a source of cheap and 
potent protein, but is cultivated in and imported from primarily the Americas since it cannot be 
produced at a large enough scale in the EU (Aramyan et al., 2009: 12-13). In particular, 
Argentina has rapidly emerged on the soybean market as a supplier, expanding its cultivation 
area 209% between 1995-2011 (Product Board MVO, 2011: 9), becoming the world’s largest 
exporter of soymeal (Pengue, 2005: 315). This development has been swift since 1996, driven by 
the emergence of soybeans that have been genetically modified to be resistant to the herbicide 
glyphosate, promising increased yields and easier agricultural production (Cerdeira et al., 2011: 
5800; Fearnside, 2001: 33). As a result, nearly 100% of Argentina’s soybean production 
consisted of these glyphosate-resistant (GR) soybeans by 2004 (VIB, 2013: 15; Cerdeira et al., 
2011: 5800). However, the combination of extensive deforestation and other types of land-use 
change (LUC) to accommodate this growth, and the heavy agricultural production itself, are the 
largest sources of greenhouse gas (GHG) emissions in Argentina (World Bank 2009: 2). In the 
LUC process, carbon stocks within the soil are being changed, releasing carbon dioxide (CO2) 
into the atmosphere, raising environmental concern and the need for investigation of the impact 
of Denmark’s demand for increased GM soymeal production (Castanheira & Freire, 2013: 49). 
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The EU skepticism towards GM products has focused largely on moral and health concerns 
(Marris, 2001: 547-548), with environmental risk concern addressing the potential for cross-
contamination of non-GM agricultural products; however, the environmental impact of LUC to 
provide livestock feed is not taken into consideration because it is taking place outside of the EU 
(EFSA, 2010: 29). As GM soymeal is cultivated outside of the EU, and not fed directly to 
humans, it can be seen as less controversial than other GM products. As a result, GM soymeal 
has been utilized as a highly valued and efficient protein source for livestock since its EU 
authorization in 1996 (FAO, 2004: xv; Clive & Krattiger, 1996: 24). However, some Member 
States and livestock industries have avoided the use of GM feed, to meet consumer demands for 
“quality” products, such as the Danish poultry industry.  
 
Hence, the Danish poultry industry’s shift to GM feed raises the question of how this practice 
became legitimate, which conditions and relations made it develop in this way? This project is 
thus not taking a stance in the GMO controversy (for or against), instead, the intent is to look on 
the contingencies and connections between people, policy, technology, food scares, viruses, 
agrotech companies, soybeans, soil, carbon, and various other human and non-human players 
throughout time and space, to map out their networks  ‘... as one looks at gas lines or sewage 
pipes’ (Latour, 1993: 117). The Argentinian-Danish trade route for GM soymeal for livestock 
feed are only part of the picture for the development of the EU livestock feed network, which 
spans thousands of years back in time to the domestication of the soybean in China, the BSE 
outbreak and its fracturing of the EU food safety policy, and GM technology; but also, the future 
continuation of the network in terms of CO2 emissions resulting from the land-use change to 
provide GM soybean cropland. Instead of limiting the analysis to see the environmental problem 
as something constructed through human discourse (e.g. Hajer, 1993; Hajer, 1995), or 
alternatively as objective fact quantified through natural science (e.g. Castanheira & Freire, 
2013; Weiss & Leip, 2012), the intention is to travel between the disciplines, following the 
relations between the social and the natural worlds and paradigms. This research project 
emphasizes both the historical, social, political and natural dimensions within the 
interdisciplinary theoretical framework of ‘hybrid geography’ (Whatmore, 2002) utilizing an 
actor-network theory approach inspired by Bruno Latour (1988, 1993, 2005) in order to bridge 
the divide between natural and social sciences to understand the scope of the environmental 
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problems at hand which could inspire ‘the social changes needed to solve them’ (Gunderson & 
Holling, 2002 cited in Fearnside, 2010: 376). Hence, the main problem investigated in this 
project is the evolution of the EU’s use of GM soymeal in livestock production, exemplified by 
the Danish poultry industry’s shift of feed practice, and its impact in terms of CO2 emissions as a 
result of land-use change in South America. 
1.2 Problem Definition and Working Questions 
How has the change in Danish broiler chicken feed to GM soymeal, produced from glyphosate-
resistant soybeans cultivated primarily in Argentina, emerged as a legitimate practice within the 
EU livestock feed network and to what extent could this shift result in carbon dioxide emissions 
from land-use change in Argentina and Brazil? 
1.2.1. Working Question 1  
How and to what extent did the European BSE food scare of the 1990’s influence the EU’s food 
safety regulation in relation to the EU livestock feed network’s categorization, definition and 
usage of GM soymeal? 
1.2.2. Working Question 2 
How did the genetic modification of glyphosate-resistant soybeans mobilize change in 
agricultural practices in Argentina, and in turn influence the EU livestock feed network, 
exemplified by the Danish poultry industry’s shift to using GM feed? 
1.2.3. Working Question 3 
How could the Danish poultry industry’s change in broiler chicken feed to the use of soymeal 
derived from glyphosate-resistant soybeans, impact Argentina and Brazil in terms of carbon 
emissions from land-use change? 
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2. Methodology 
In this chapter, the theoretical framework and the design of this research project is presented and 
discussed. First, an account of the chosen framework of ANT and hybrid geography will be 
provided, discussing its qualities as well as some epistemological and ontological considerations 
(Chapter 2.1.). Then an explanation is provided of the main concepts inspired by Sarah 
Whatmore (1997, 2002) and utilized from ANT, i.e. network lengthening (Chapter 2.1.1.) and 
mediators (Chapter 2.1.2.), as well as a definition of land-use change and the European 
Commission’s calculation to assess its impact in terms of CO2 emissions (Chapter 2.1.3.). Next, 
how the research project was designed to answer the problem definition, as well as main actants 
and mediators investigated in the three working questions, is explained (Chapter 2.2.). Finally, 
the research methods, data collection, and analytical strategy are described, as well as an overall 
evaluation of the research design (Chapters 2.2.1-2.2.4). 
2.1. Using ANT & Hybrid Geography to Break Down the Natural/Social 
Divide 
The focus of this research project is on areas that lie between nature and society. Both 
agricultural production and GM plants are cases where human beings have used technology in 
order to receive benefits from the natural world, such as increased and stabilized yields of food, 
in order to sustain human life. Obviously, this is no simple process, and the contested business of 
providing food has winners, losers, and potential environmental hazards, raising the need for 
investigation. The question is, how does one go about exploring this complicated interaction 
between the social and the natural?  
 
As agricultural production and genetic modification are hybrid practices which synthesize the 
natural and social, to utilize only one of these approaches would be missing half of the picture. 
Some middle-ground between constructivist and realist approaches must be found, which allows 
for an investigation of both the contingent development of social practices relating to agricultural 
production, and how they in turn can result in negative consequences when nature decides to 
‘kick back’ (Whatmore, 2002: 5), with e.g. global warming or food crises. In order to settle this 
ontological challenge, this project seeks to employ a theoretical framework of ‘hybrid 
geography,’ based upon Actor-Network Theory (ANT), where society and nature are not ‘two 
pure forms’ (Latour, 1993: 78), but rather should be journeyed in between.  
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The key to ANT is that agency is granted to humans and nonhumans alike, meaning that it is not 
only humans that are capable of shaping the world through discourse and practice, but also things 
and technologies--soybeans, genetic modification, policy documents, neurodegenerative 
diseases--are able to take on a life of their own, giving them the ability to “kick back” and 
change the functioning of the social and natural world. This leads to the use of the word actants 
to describe both humans and nonhumans who are able to set things in motion, in order to 
separate from the commonplace understanding of sociological term actor, which is usually 
concerned with human agency. As a result, this framework allows the research to take a more 
than human perspective, looking not just at the political discourse of genetically modified food 
(e.g. Herrick, 2005), the sociocultural impact of GM crops in Argentina (e.g. Joensen et al., 
2005), the commodity chain of livestock (e.g. Heft-Neal et al., 2008), nor carbon emissions from 
land-use change in Argentina (e.g. Castanheira & Freire, 2013). Rather, the messy process of 
how these different elements came to be linked together, from the actions and reactions of 
humans and nonhumans, is the main interest. Another theoretical tool of ANT that is applied in 
this research is the concept of actor-networks, where confusingly, the previously mentioned 
actants are also built from networks, made of other actants. In simple terms, everything 
(politicians, food, “mad” cows) is the product of relations with other things; truly, no man (or 
cow) is an island. At the same time, everything is seen as being able to ‘redefine and transform 
what it is made of’ (Callon, 1987: 93 cited in Cressman, 2009: 3), which gives a dynamism and 
flow to the social and natural orders, allowing for change to take place.  
 
Thus, compared to a Neo-Marxist approach where capitalism is seen as a pervasive structure of 
domination, ANT allows for other explanations to arise. Here, there is no foregone conclusion 
that global capitalism exists as a “structuring structure” which inevitably causes the exploitation 
of workers or resources. By examining the manner by which the reach of so-called “global” 
actors (transnational corporations, international bureaucracies, and so on) depend on ‘intricate 
interweavings of situated people, artefacts, codes and living things...’ (Whatmore & Thorne, 
1997: 288, original emphasis) it becomes possible to illuminate the contingent and contested 
processes that underpin them, instead of reifying and granting them a totalizing structural power. 
Power is not inherent in the “global,” it is rather achieved through network lengthening (see: 
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Chapter 2.1.1.), by connecting and mobilizing larger flows consisting of more actants: 
genetically modified seeds, herbicides, soybean farmers in Argentina, Argentinian soil cultivated 
by the farmers, carbon released from the tillage of the soil, soymeal-based feed, poultry farmers 
in Denmark, and so on. This interconnection of actants within a network leads to a 
systematization and reinforcement of certain practices, which become “black boxed” and allow 
actants to act (Law, 2009: 147), as they become simplified, internalized and taken for granted.  
 
The analysis in this project is thus directed towards the changes and events that have lead to the 
current practice within the Danish poultry production network: how the main actants have come 
about, how they in turn came to shape an agricultural production that has become reliant on feed 
derived from GM technology, and what effect this has on the environment in terms of CO2 
emissions. The aim is to trace out the dynamic interconnectivity amongst these webs of relations 
that succeed or fail to produce and reproduce certain practices, by putting scrutiny on the stories 
of “things” and the key innovations, turning points and crises that have caused or are caused by 
them. This will be accomplished by zooming in on the actants who drive and hold the logic of 
networks together, the so-called mediators (see: Chapter 2.1.2.), and how they facilitate change 
from one way of doing things, to another. 
 
Furthermore, by applying a relational ontology where ‘the nature of things, even reality itself, is 
context dependent’ (Ginn & Demeritt, 2009: 306), extending agency to nonhumans, human 
exceptionalism and the division between social and natural sciences become challenged. This 
allows the theoretical framework to cover ground beyond a purely human discourse-based 
approach which would only focus on how society and politicians come to make sense of and 
construct environmental problems, (e.g. Hajer, 1993; Hajer, 1995). Namely, by allowing the 
incorporation of soil science concepts in order to allow nature to have a voice of its own, by 
calculating the impact of land-use change (see: Chapter 2.1.3.) on soil carbon in Argentina. 
However, the research project carries epistemological wariness of the ‘situatedness of 
knowledge’ (Whatmore, 2002: 4), leading to an investigation of ‘the historical and social 
contexts and contingencies of scientific knowledge’ (Cressman, 2009: 3), meaning that the realist 
natural science methods employed will be reflected upon and not merely taken for granted as an 
exact replication of “reality.” Without a doubt, there is an overwhelming consensus that the 
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harmful “kick back” of increasing carbon emissions is “real,” but the abstract nature of this 
process means that the only way to understand it in this case is to employ a scientific language 
capable of interpreting the actions of the microorganisms in the Argentinian soil which causes 
CO2 to be released as a result of land-use change. 
2.1.1. Network Lengthening 
A network’s capacity is expressed as a mass of currents rather than a unified force, comprised of 
simultaneous social practices and competencies at various points along the network (Whatmore 
& Thorne, 1997: 291). The expanse of a given actor-networks is therefore to be considered 
‘more or less long and more or less connected’ (Latour, 1993: 122) not in a global/local binary, 
or other scalar terms. Agency, or the power to act, is seen here as the ability of a network to gain 
influence and legitimacy, which involves the lengthening of networks, through the accumulation 
of,  
‘the actions and competences of many actants; an attribute not of a single person or 
organisation but of the number of actants involved’ (Whatmore & Thorne, 1997: 291). 
Hence, the “global” is not simply assumed to be more powerful than the “local” by default; these 
different relations are to be examined by tracing out the characteristics and interactions of the 
networks, and demystifying them as if they were telephone lines or railroad tracks (Latour, 1993: 
117). Are they long and connected, intermingling and transforming actants who perform under 
and abide by the logic of the network? Or are they short and disconnected, functioning only in 
limited time/space settings? Does the lengthening of the GM soybean network in Argentina 
shorten other agricultural networks, or weave them into itself? 
 
Fundamental for investigating the lengthening of networks within this approach, the concept of 
hybridity underpins the breakdown of the nature-society divide. By looking in between the two, 
it becomes clear that the successful lengthening of networks is accelerated through hybridity, by 
employing both human and nonhuman (social and natural) actants, and the mediators that go 
between (see: Chapter 2.1.2). In this case, the network of agricultural production is able to 
stretch from Denmark to Argentina, by socially and technologically taming and incorporating 
workers, soybeans, chickens, and even the Atlantic ocean (i.e. used for transport), to function 
under its logic. The collectivity of these actants, how they hold each other in position maintains 
the network and makes it durable; through this heterogeneous collective, things and people are 
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produced and reproduced (Latour, 1993: 79).  The nonhuman hybrids play a key role in this, as 
they connect the networks, as ‘...they circulate in our hands, and define our social bond by their 
very circulation’ (ibid.: 89). Discursive privilege is thus shifted from a purely human and 
language based agency, to one that encompasses other forms of signification as well, depending 
on their ability to ‘make their presence felt’ (Whatmore & Thorne, 1997: 392), such as the “kick 
back” of Bovine Spongiform Encephalopathy, which became prominent in European media and 
politics during the mid-1990’s. Still, the conventional “human” discourse also plays a role in 
establishing the durability of networks, through modes of ordering. These discursive practices 
define what is or is not possible within a network, and influence the “rules of the game,” making 
some relations easier or more difficult to interconnect and maintain. Modes of ordering thus 
shape how actants are enrolled within networks, and in order for them to remain durable across 
long networks they require ‘...strong fabrics of social organisation at all points in the network’ 
(ibid.: 294). For example, the current EU food safety network serves as a mode of ordering, 
enrolling legislation and agencies, to define the roles of what food is safe, what is or is not 
considered to be genetically-modified, and thus determines what goods are allowed to enter the 
European market, connecting or disconnecting agricultural networks from abroad. 
2.1.2. Mediators 
Mediators are seen as the glue that helps to stabilize webs of relations and interconnections. They 
are key actants which encode within them particular patterns of connectivity, enabling networks 
to function along a certain logic. Without them, networks would not be able to lengthen or 
stabilize; networking over larger spans of time and space necessitates the mobilization and 
interweaving of mediators to connect heterogeneous actants (Whatmore & Thorne, 1997: 291). 
Mediators are the go-betweens which can weave together flows within the networks, between 
spaces as well as different social and human categories: transport ships delivering soymeal from 
Argentina to Denmark, biotechnology which allows time and space to be short-cutted by causing 
hundreds of years of seed-breeding to take place almost instantly, the spread of 
neurodegenerative disease by incorporating infected animal remains in feed. By being put into 
motion, they establish a certain way of doing things, intentionally or not, through the connections 
they link between actants. For example, the innovations of the Fordist production model served 
as a mediator allowing for the establishment of new efficient work practices which changed the 
role of the laborer in the factory and by extension allowed for more people to own cars. Beyond 
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the social implications, this could "kick back" with unforeseen consequences, by leading to more 
pollution from the factory and cars, establishing an increased network of carbon in the 
atmosphere, and by extension global warming, and so forth. Thus, these mediators who bind 
together and set in motion these types of complex networks become key objects of investigation, 
which in turn require diverse methods which are capable of making sense of how these 
heterogeneous elements interplay (Law, 1986: 235 cited in ibid.: 291). By identifying and 
analyzing the different mediators responsible for the emergence of GM feed as a legitimate 
agricultural practice within Danish poultry, how they have been mobilized, which consequences 
they have in terms of their intentional or unintentional social or natural “kick back,” implications 
will be uncovered in terms of how these changes came about and who has been the winners or 
losers in the process of network lengthening or shortening.  
 
Throughout the research, three primary mediators emerged as key drivers of change, which will 
serve as central pieces of the analysis, in terms of what sorts of network connections they 
rearranged and established. When investigating the changes within the EU food safety policy, it 
was found that the incorporation of meat and bone meal into feed mediated an efficient livestock 
practice in Europe, but also facilitated the spread of neurodegenerative disease amongst animals 
and humans, making it the key mediator of Chapter 3.1. The technological time-space 
compression provided by GM soybeans reinforced the already established soybean trade 
network, mediating an even stronger network of intensified cultivation of GM soybeans in 
Argentina and imports in the EU, as a result shrinking the market for non-genetically modified 
soybeans, which will be explored in Chapter 3.2. Finally, land-use change in Argentina mediated 
both the expansion of agricultural land for soybean production, but also set in motion and 
increased supply of oxygen and nutrients for the microorganisms in the soil, causing them to 
decompose organic material rapidly and release it into the atmosphere, which will be accounted 
for in Chapter 3.3. 
2.1.3. Land-use Change 
To investigate the impact of deforestation, plowing, and cultivation in terms of CO2 emissions, 
the concept of land-use change (LUC) is utilized to give an understanding of the natural-social 
relation between the soil network in South America (consisting of soil microorganisms, carbon, 
oxygen, water etc.) and the EU livestock feed network (consisting of GR soybeans, poultry, food 
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safety policy, etc.). Changing land usage in order to establish GR crops alters the already existing 
biomass in the vegetation (by clearing it) and soil (through plowing and fertilization), which 
stimulates the soil microorganisms and causes them to more rapidly decompose carbon, leading 
to CO2 emissions. LUC is one of the components in a life-cycle GHG assessment, which could 
also take into account emissions from transportation, fertilization and so forth (Castanheira & 
Freire, 2013: 49-50). However, in this research project, only CO2 emissions from plowing and 
clearing vegetation in order to cultivate GR soybean crops are investigated. 
 
Initially, two assumptions need to be made: first, a quantification of the area which is about to be 
changed (i.e. cleared, plowed and cultivated) based on the demand for soybeans from the Danish 
poultry industry, second, what the previous land use was (e.g forest, grassland, conventional 
soybean farm). Five scenarios were built according to these assumptions and used to make the 
calculations of carbon stock change (see: Chapter 3.3). In order to calculate LUC, the standard 
Soil Organic Carbon (SOCST) of the dominant soil type in the area needs to be calculated using 
the following equation (GRDC, 2013: 58): 
 
Eq.1: SOCST = 10,000m2 x 0.3m x D g/cm3 x C/100  
 
Where D is the bulk density of the carbon in the soil, and C is the percentage of carbon in the 
soil. The SOCST shows the amount of carbon per hectare, and by comparing the SOC before and 
after LUC, the difference between the two gives the change in carbon stock in the soil. In order 
to calculate how the total carbon stock (CS) change leads to CO2 emissions, the equations of the 
IPCC Tier 1 and Renewable Energy Directive (IPCC, 2006, European Commission, 2009, 
2010b, cited in Castanheira & Freire, 2013: 51) are utilized (Eq.2 and Eq.3, below). 
 
To calculate the total carbon stock (including SOC and vegetation) before and after the land use 
change, the following equation is used: 
 
Eq.2: CSi = SOCi + Cveg i = (SOCST x FLUi x FMGi x FIi) + Cveg i 
 
Where SOCi  is the soil organic carbon (Before and after the LUC in the area), Cveg i is the above 
and below ground vegetation (Before and after LUC), SOCST is the standard soil organic carbon 
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(as calculated above), and FLUi , FMGi , and FIi are factors that reflect upon the standard soil 
organic carbon such as the current land use (LU), management practices (MG), and levels of 
carbon input (I). Finally, after calculating the carbon stock before and after land-use change, the 
following equation is used to find the total CO2 emissions per year per ton of soybeans. 
 
Eq.3: e1 = (CSR - CSA) x 44/12 x 1/20 x 1/P 
 
Where e1 is annualized GHG emissions from carbon stock change due to LUC, CSR is the carbon 
stock associated with the previous land type, according to the scenarios, CSA is the carbon stock 
associated with the current land use change (i.e. no-tillage cultivation of GR soybean). P is the 
level of GR soybean production in tons per hectare, 44/12 is the atomic weight of CO2 in relation 
to carbon used to convert the difference between CSR and CSA to units of CO2, and 1/20 is used 
to make the emission calculations reflect the yearly CO2 emissions, over the 20 year period that 
it would take for carbon levels to stabilize (IPCC, 2006 cited in Castanheira & Freire, 2013: 51-
52). 
2.2 Research Design 
In order to answer the problem definition, the main intention was to ‘follow the actors 
themselves’ (Latour, 2005: 12), utilizing an idiographic approach to investigate unique features 
and developments of the problem at hand, rather than attempt to provide universal statements or 
solutions (Bryman, 2012: 69). By simply following the inter-definitions of actants and mediators, 
creating timelines and mapping the connections and relations between them, a delimitation of the 
problem field and analytical focus emerged (Latour, 1988: 11). Beginning with the end, the 
project took a point of departure in the Danish poultry industry’s change in GM feed policy, and 
sought to trace back key moments in time and space which intentionally or unintentionally lead 
to this development, as well as its impact in terms of CO2 emissions. This lead to the 
establishment of three working questions, each focusing on different actants, mediators and 
points of time/space, whose relations interlink to form or destabilize networks, which in 
summation were able to provide an explanation for the overall problem definition (see: Table 1). 
First, the development of the current discursive modes of ordering that have come to define what 
is and is not considered to be “genetically modified” within the EU; second, the emergence and 
domestication of the soybean (conventional and eventually GM) within Europe, Argentina and 
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the US, and how it came to be utilized as an industrial product for livestock feed; third, how the 
expansion of soybean cultivation impacts soil and in turn causes CO2 emissions.  
 Question Time  Space Main 
Actants 
Main 
Mediator 
WQ1 How and to what extent did 
the European BSE food scare 
of the 1990’s influence the 
EU’s food safety regulation in 
relation to the EU livestock 
feed network’s categorization, 
definition and usage of GM 
soymeal? 
 
1970s- 
2004 
Europe BSE, 
livestock, 
EU 
institutions, 
EU 
member 
states & 
politicians, 
EU law, 
livestock 
farmers, 
consumers 
Rendering of 
Meat and 
Bone Meal 
into animal 
feed 
WQ2 How did the genetic 
modification of glyphosate-
resistant soybeans mobilize 
change in agricultural 
practices in Argentina, and in 
turn influence the EU 
livestock feed network, 
exemplified by the Danish 
poultry industry’s shift to 
using GM feed? 
 
2800 
B.C. - 
2014 
Asia, 
Europe 
(Denmark), 
Argentina, 
US 
Soybeans, 
glyphosate, 
agrotech 
companies, 
Argentinian 
farmers and 
politicians, 
Danish 
poultry 
industry, 
scientists 
Genetic 
Modification 
of 
Glyphosate 
Resistant 
Soybeans 
WQ3  How could the Danish poultry 
industry’s change in broiler 
chicken feed to the use of 
soymeal derived from 
glyphosate-resistant soybeans, 
impact Argentina and Brazil 
in terms of carbon emissions 
from land-use change? 
 
2014-? Brazil: 
Amazon 
Rainforest, 
Mato 
Grosso, 
Minas 
Gerais 
Argentina: 
Chaco, San 
Nicolas 
Soil, 
carbon, 
microorgan
-isms 
oxygen, 
nutrients, 
carbon 
dioxide, 
above and 
below 
ground 
vegetation, 
farmers 
Land-use 
change to 
glyphosate 
resistant 
soybean 
crops 
Table 1. Working questions and their respective coordinates in time/space, main actants 
and mediators.  
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2.2.1. Methods 
This project employs a mixed methods approach to the investigation at hand. Both qualitative 
and quantitative methods were applied and complement the ‘hybrid’ theoretical framework, 
travelling between the natural and social where relevant, using methods appropriate to fit the 
context of the actants. For instance, qualitative methods were used to investigate EU legislation’s 
influence on the network of livestock feed, while quantitative methods were used to calculate the 
emissions from land-use change.  
 
Initially, documents and texts about the historical development and the current status of genetic 
modification led to a focus on the market of soybeans and its main derived feed product, 
soymeal. The interest in the Danish poultry case was derived from the recent shift to GM feed 
which came into force in February, 2014. Hearing statements, newspapers and journal articles 
were reviewed in order to pinpoint the main reasons for this shift, and an attempt to quantify the 
change in the practice of livestock feed emerged. Since GM soybeans are not cultivated in 
Denmark, statistics and reports on the Danish import of GM soybeans and soymeal were viewed 
and charts were created in order to quantify their import rates to Denmark. Further research on 
the timeline of events related to GM feed products led to a few key moments and developments 
within the import of GM feed to the EU. Notable EC/EU policy documents and institutional 
considerations and definitions regarding GM feed and food safety were examined and the 
progress and development of them were scrutinized. The focus on soymeal emerged due to its 
high qualities as a protein source for feed in poultry production, and its star status in world trade. 
Tracking the Danish import pathway of soymeal led to Argentina, which appeared as a large 
cultivator of glyphosate-resistant soybeans and as a large manufacturer and exporter of soymeal. 
Zooming on the Argentine case through documents, statistics and reports exposed a large amount 
of data and variety of social, environmental and cultural problems, and also benefits, in relation 
to glyphosate-resistant soybean cultivation. However, a focus on environmental issues was 
chosen because of the lack of attention they get in the “GMO controversy,” in comparison to the 
moral and ethical issues and concerns. By reviewing some of the main environmental issues, 
land-use change in Argentina and its contribution to the increase in GHG emissions, such as 
CO2, was highlighted (World bank, 2009; Castanheira & Freire, 2013; Weiss & Leip, 2012). 
Land-use change to GM soybean cultivation in Brazil also emerged as a relevant case for 
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investigation, as they were primarily providing Denmark with GMO-free soymeal and could 
therefore change their agricultural practice to meet the Danish poultry industry’s shift in demand. 
As it was not possible to visit South America to take soil samples, variables were adapted as 
secondary data from other research and guidelines. However, an excursion was made to the 
Roskilde University field area to gain firsthand experience of the characteristics and variations 
within the topsoil, to provide perspective on the process and challenges of soil sampling. 
 
The hybrid theoretical framework enabled the geographical synthesis between the social and the 
natural and the use of quantitative measurements and assumptions throughout the inquiry, in 
order to follow the actants. Calculations were made to determine how much GM feed was 
needed to sustain 117 million broiler chickens (See: Appendix 1). As a result, scenarios were 
drawn up for analysis based on assumptions of location and previous land use in Argentina and 
Brazil, and by the adoption of the Intergovernmental Panel on Climate Change (IPCC) 
calculation method and equations, the change in carbon stock was quantified for each scenario 
(See: Appendix 2-7). Data on soil in Argentina and the rates of glyphosate resistant soybean 
crops productivity were gathered from relevant databases and journal articles, and placed in the 
IPCCs equations, in order to work through the calculations and to explore the outcomes, 
implications and limitations of land-use change and soil measurements. 
 
Additionally, a semi-structured interview with an experienced teacher of economics and 
production in an agriculture school (Kalø) in Denmark was conducted (See: Appendix 8). This 
was mainly in order to fill the gaps of knowledge about the use of GM feed in the Danish 
agricultural sector, triangulate some of the findings of the research, and to collect first-hand data 
regarding some of the critical moments in the historical development of the actor-network of 
soymeal and Danish poultry production which otherwise did not appear in the research process, 
such as the food crises in the EU during the 1990s and the implementation of EU regulations in 
Denmark. 
 
2.2.2. Data Collection 
In tandem with the mixed methods approach, both primary and secondary data were gathered. 
Primary data was obtained from a number of sources. Official statistics were collected from both 
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national and international databases. FAOSTAT (Food and Agricultural Organization of the 
United Nations Statistical Division) provided statistics pertaining to the Danish and EU import, 
and the Argentinian production and export, of soybeans and soymeal. European policy and other 
relevant documents were also obtained from EUR-Lex (the Official Journal of the EU), including 
White Papers, Regulations and Directives. Further primary data was also gathered from a semi-
structured interview with a specialist in agricultural economics and production. 
 
Data on the percentage of carbon in soil and bulk density in Argentina and Brazil was gathered 
from HWSD (Harmonized World Soil Database) viewer version 1.2 (FAO, et al. 2012). 
Estimations on carbon in above and below ground vegetation (CVeg) and other factors affecting 
carbon stock (Flu, Fmg, FI,) were derived from the European Commission’s guidelines (European 
Commission, 2010a), based on the geographical area of the scenario.  
 
Also, peer-reviewed journal articles and reports were used to provide secondary data, which 
facilitated the longitudinal character of the research design, allowing more time to be invested 
into analysis rather than first hand data collection (Bryman, 2012: 314, 316). An interdisciplinary 
approach was taken by gathering articles pertaining to the key points of the research project: 
European food safety policy in the 1990’s-2000’s, public opinion and discourse relating to 
GMOs in Europe, natural science accounts of changes in organic carbon stock from land-use 
change, herbicide chemistry, and social geographic accounts of soybean cultivation in South 
America, amongst others. This broad range of secondary data allowed for more ground to be 
covered; in terms of time, by going far back in history, and in space by allowing for cross-
cultural analysis of different countries (ibid.: 315).  
2.2.3. Analytical Strategy  
The primary analytical strategy was to follow the actants and mediators, what they actually do, 
their qualities and quantities and what impact they have in relation to other actants and networks 
-- not to interpret hidden meanings or symbols, nor pre-assign them power based on scale, capital 
or class. The nonhuman approach allowed for the investigation of “things” such as the herbicide 
glyphosate, which could be analyzed in terms of what is doing both on a molecular level, and 
also how its weed control qualities connected it to other actants, allowing a network to lengthen 
between suppliers, farmers, GM soybeans, and so on, making the GM soybean network more 
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efficiently interconnected and lucrative, compared to the conventional soybean network. Hence, 
the lack of a bias towards only social subjects or natural objects, requires a dynamic analysis 
which can interface between both, putting the main actants into context based on their relations, 
interconnections and conditions of their occurrence and positions in time and space (which are 
themselves situated in relation to and between natural conditions and social constructions). 
Mediators were followed, in order to explore the change in conditions before and after they came 
into play showing how they mobilized change within a network, what their qualities were, and 
how they acted as hybrids connecting natural conditions with social constructions. 
 
Beginning with the end and going back in order to pinpoint the developments of the main actants 
and networks, an emphasis was placed on key points of change: crisis, struggles, and conflicts, to 
explore the durability and length of networks. These key points were identified by mapping and 
tracing the relations and interconnections between actants, mediators and networks throughout 
time and space, by examining which networks were able to survive crisis, how mediators 
changed the functioning of networks, allowing them to influence, take over or transform other 
networks. Scrutiny was placed on processes of translation and transformation of the main actants 
(such as soybeans) when they were connected to different networks, through mediators, such as 
technology (e.g. GM), law (e.g. EU Regulation 1829/2003), transportation (e.g. ships from East 
Asia to Europe). Finally, the analytical strategy was to add up these different connections, 
transformations and relations in order to provide an explanation for and outcome of the Danish 
poultry industry’s decision to change their livestock feed practice. 
2.2.4. Evaluation of Research Design 
Unavoidably, the research design has both strengths and weaknesses. Triangulating the data 
through the use of various methods and sources can provide a greater reliability. Also, the use of 
mostly secondary data and statistics allowed for unobtrusive methods, removing the researchers 
from being able to create bias by directly influencing the objects/subjects of inquiry (Bryman, 
2012: 325). However, this also leaves the control of the data generation at the whim of others, 
making it difficult to account for the quality of the data. The use of multiple sources from 
different disciplines (e.g. natural, social, political, economic) and triangulation also served the 
purpose of alleviating this shortcoming to some extent.  
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Due to the large quantity of actants involved in a large span of time and space, some 
simplifications and delimitations were necessary. Here, there was a risk for bias in choosing the 
main actants and mediators, and deciding at what point to stop tracing back the boundaries of 
actor-networks. To reconcile this, inter-observer consistency (Bryman, 2012: 279) was followed, 
where both project group members immersed themselves in the data and mutually facilitated the 
key points and actors through group discussions.  
 
A further difficulty that arose was how to avoid a human-centered approach when relying on 
historical and scientific texts written by humans (Nimmo, 2011: 116). This problem was 
compounded when using human-made calculations to explain the complex network of land-use 
change and soil organic carbon, which are heavily based on assumptions and simplifications. An 
attempt was made to rectify some of these shortcomings by finding locally sourced data (i.e. 
HWSD), rather than simply using standard values. Nevertheless, in this case it was difficult to 
truly “listen to” the natural actors without relying on scientific mediators or assumptions to speak 
for them, due in part to the physical distance to the area of study (i.e. between Denmark and 
South America) but also the size of the area impacted land-use change.  
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3. Analysis 
The analysis is shaped into three sub-chapters, each answering one of the Working Questions as 
indicated in Table 1. First, the changes within EU food safety regulation as a result of the BSE 
crisis will be explored in relation to the import of soymeal from Argentina (Chapter 3.1.). 
Second, the usage of soybeans in Europe for livestock feed, and the impact of genetic 
modification on soybean cultivation in Argentina, are related to the case of the shift in feed 
practices in the Danish poultry industry (Chapter 3.2.). Finally, the impact of this shift in terms 
of CO2 emissions from land-use change in Argentina and Brazil are calculated and exemplified 
(Chapter 3.3.) 
3.1. Mobilization of Change in EU Food Safety Regulation due to BSE 
and its Relation to the Soymeal Network 
Beginning with the end, this chapter seeks to understand how new modes of ordering emerged 
within the EU as a result of the so-called food crises of the 1990’s. This is of interest because 
these political changes came to lay the foundation for how the EU, and in turn Denmark, became 
increasingly dependent on the import of GM soymeal in order to sustain their livestock 
production practice. These changes did not come from thin air; they resulted from a chain of 
events based in the previous logic which held together the system for ensuring food safety within 
the EU. Inevitably, this system failed to keep European animals and humans safe from food-
related disease, evidenced by the emergence of Bovine Spongiform Encephalopathy (BSE) in 
cows, and spread of Creutzfeldt-Jakob Disease (CJD) to humans. This raises some questions for 
investigation, in order to trace back these developments. What was the EU system of food safety 
during the BSE crisis, and why did it fail (Chapter 3.1.1.)? How did the European feed practice 
mediate the spread of BSE and CJD (Chapter 3.1.2.)? How did this food crisis come to shape the 
European view of GM food and feed (Chapter 3.1.3.)? Finally, how did this all lead to the 
increasing EU reliance on imported GM soybean meal (Chapter 3.1.4)? 
3.1.1. EU Food Safety Policy before the BSE Food Crisis 
Prior to the EU’s current food policy regulatory framework, an ad-hoc approach to food safety 
had developed throughout the 1980s-1990s in conjunction with the establishment of the Single 
European Market (Vos, 2000: 233). The main focus of the time was to harmonize the European 
economy (Bergeaud-Blackler & Ferretti, 2006: 135), meaning that food safety procedures 
 25 
emerged as a pragmatic and fragmented side-effect of this market integration, rather than a 
structured and preconceived plan. The Single European Market involved the removal of barriers 
to trade amongst Member States in order to promote the EU’s economic growth and global 
competitiveness as a whole, by ensuring the free movement of goods, services, labor and capital 
within the EU. As the food industry is one of the EU’s largest industries and export sectors 
(ibid.: 134) there was a great interest to maintain the flow of its trade network, by establishing a 
legal basis which could prevent Member States from employing protectionist measures to stop 
the movement of foreign goods from entering their national markets. 
 
Underpinning the free movement of goods was the principle of mutual recognition, whereby 
products that have been marketed legally in one EU Member State must in turn also be able to be 
marketed in all other Member States (Frahan, 2006: 337). There were however a few derogations 
provided in Article 36 of the TFEU (Treaty on the Functioning of the European Union) which 
allowed Member States to prevent the free movement of goods. Most importantly in relation to 
food safety, was the ability of Member States to block trade under the grounds of ‘the protection 
of health and life of humans, animals or plants’ (Consolidated version of the Treaty on the 
Functioning of the European Union, 2012: Article 36), but this had be justified, not a ‘disguised 
restriction on trade between Member States’ (ibid.). For example, in the famous Cassis de Dijon 
trial where German law at the time stipulated that fruit wines had to contain at least 25% alcohol, 
for the purpose of protecting human health; the European Court of Justice ruled that this was in 
conflict with EU law, as it served the purpose of creating an unfair trade disadvantage to French 
fruit wines that contained only 15% alcohol and favored the stronger German liquors (Rewe-
Zentral AG v Bundesmonopolverwaltung für Branntwein, Case 120/78).  
 
The free movement of goods meant that Member States were granted autonomy to set their own 
food standards, as long as they allowed legally marketed products from other countries to enter 
their territory (Bergeaud-Blackler & Ferretti, 2006: 135), or had a legitimate health-related 
reason to block trade. The EU’s regulatory food safety policy role here was merely to set 
‘minimum standards’ (ibid.: 136) linking food safety and consumer protection as functional to 
the completion of the Single Market, rather than a goal of itself, making free trade and market 
harmonization the prime targets of the EU’s food regulation at the time. The result was that food 
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safety control and legislation remained largely in the hands of the individual Member States, 
with minimal EU interference. 
 
Within the European Commission, the oversight of food safety policy was delegated to various 
administrative units, with risk assessments being dealt with by three independent scientific 
committees: the Scientific Committee on Food (independent scientists), the Standing Committee 
on Food (national representatives) and the Advisory Committee on Food (interest groups) (Vos, 
2000: 229). These scientific committees had considerable power, as they would determine the 
grounds for food safety decisions, which the Commission tended to follow closely, especially the 
Scientific Committee on Food and Standing Committee on Food (ibid.: 230). As food safety had 
functioned well on the surface, these committees received little academic, public or political 
scrutiny, despite and possibly because of their lack of transparency (ibid.: 231). For example, the 
membership and activities of the Standing Committee on Food were hidden from the public view 
(ibid.). It was not until awareness of the BSE outbreak exploded, with the confirmation that BSE 
could transfer to humans through CJD in 1996, that this policy network began to become 
questioned, and public skepticism of the legitimacy of the EU institutions in regards to food 
safety began to take force. Concrete evidence of how the European Commission and British 
Government had failed to properly manage the BSE threat came forward through a Temporary 
Committee of Inquiry initiated by the European Parliament in 1996, highlighting the 
shortcomings of the market-based food safety approach. 
 
According to the Committee of Inquiry, the mismanagement was most prevalent between the 
period of 1990-1994, where 75% of the BSE incidents in the UK also occurred (European 
Parliament, 1997). In 1990, France and Germany had attempted to ban the trade of British beef, 
invoking the previously mentioned TFEU Article 36 on grounds of its threat to human and 
animal health. They were however threatened with proceedings before the European Court of 
Justice by Agricultural Commissioner MacSharry of Ireland for invoking barriers to trade (ibid.). 
Furthermore, internal Commission documents from 1990 emerged, evidencing that they had 
employed a policy of ‘disinformation’ (ibid.). This disinformation included a lack of scientific 
follow-up despite scientific evidence from 1990 showing that BSE could cross between species. 
Furthermore, in the period between 1990-1994 a suspension of BSE veterinary checks in the UK 
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was enacted, EU legislation on BSE was suspended, and the European Council held no debates 
concerning BSE (ibid.). “British pressure” had seemingly been the cause of this stop in the flow 
of information, pointing additional blame towards the British government and food authorities. 
This was in part due to the fact that the UK had the most experience with BSE, and the procedure 
at the time was that experts within the EU Scientific Committees should come from Member 
States that were most connected to the disease in question. As a result, the BSE Subgroup within 
the Scientific Veterinary Committee during these years of crisis was almost always chaired by 
UK nationals, meaning that the Committee had a tendency to reflect the thinking of the British 
Ministry of Agriculture, Fisheries and Food (ibid.). More critical scientist views at the time were 
not taken into account, even being omitted from the Committee meeting minutes (ibid.).  
 
The explanation for this mismanagement and disinformation and eventual food safety failure lies 
in the significant economic interests at play within the livestock production and feed industries 
(European Parliament, 1997), which were allowed to take shape because of the non-transparent 
and market-based logic of the food safety network. Evidently, the EU institutions gave higher 
priority to the economic interests of the meat industry, compared to the protection of health 
(ibid.). Additionally to blame was the, 
‘...opaqueness, complexity and anti-democratic nature of [the comitology] workings [...] 
totally exempt from any supervision, thereby enabling national and/or industrial interests 
to infiltrate the [EU] decision-making process’ (ibid.). 
Seemingly, the EU network of food safety at the time functioned on a logic of economic 
development through increased trade liberalization and the movement of goods between Member 
States, causing a situation where there was both little supranational regulation and few measures 
for blocking trade, making it difficult to stop the flow of tainted meat and feed. This established 
an increasing collectivity of trade, with an increasing amount of goods, services, labor and 
capital moving between nations, at a cheaper price, made durable by the European institutions 
and legislation that promoted the Single European Market. Before the Single European Market 
and the principle of mutual recognition, it was possible for e.g. England to protect their national 
beer business, by putting an extra tax on wine, or banning certain types of foreign alcohol for 
being a threat to human health. With the emergence of the Single European Market and the 
principle of mutual recognition, as mentioned above, the European trade network was to drive 
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‘competitively priced’ (European Commission, 2010b: 5) goods to consumers. Thus, in order to 
promote the flow of their goods within the lengthening European trade network, countries were 
incentivized to provide competitively priced goods, by creating more efficient production 
systems. As will become clear (in Chapter 3.1.2.), these economically sound techniques were not 
always in the best interest of food safety, and the health of consumers and animals.  
 
Furthermore, the lack of transparency of the risk assessment procedure, and the institutional 
configuration in place, had failed to provide necessary checks and balances which could prevent 
national economic interests from being able to infiltrate and undermine the “objectivity” and 
neutrality of scientific evaluation, which had the aim of protecting food safety. This raises the 
question of what were some of the specific economic interests that stood in the way of scientific 
neutrality, hampering the development of prevention for the spread of BSE? Furthermore, how 
exactly did these interests and their systems of production lengthen a network of connectivity 
within livestock production that spread the “kick back” of the BSE virus? Tracing this path leads 
to the use of meat and bone meal (MBM) within animal feed. 
3.1.2. Meat and Bone Meal Feed 
The manufacture of meat products for human consumption generates inedible by-products, 
which are converted throughout the rendering process into valuable materials, such as soap, 
candles or protein-rich animal feed (Taylor & Woodgate, 2003: 298). Within this process, the 
separation of fat and protein from the waste tissues is utilized, and during the beginning of the 
20th century, it was discovered that the solid material that remains after the extraction of the 
tallow in the rendering process is rich in protein and could be used successfully in animal feed 
(ibid.: 299; Smith & Bradley, 2003: 187). During the post-WW2 period, the reliance on 
compound feed for livestock increased (see: Chapter 3.2.1.) and a more intensive and efficiency 
driven approach generated innovations in the agricultural production, such as the use of MBM in 
dairy cattle feed for enhancing milk production (Steward, 2010: 2).  
 
Generally, the commercial advantages of MBM in livestock feed can be summarized in three 
main points: first, it is a cost-effective way to increase the levels of protein and minerals in 
livestock diet. Second, MBM complements the protein derived from grain and thus improves the 
dietary protein quality, and third, it provides a sufficient use for animal byproducts and thus 
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reduces waste and disposal problems (FAO, 2004: 126). The rendering manufacture of MBM, by 
‘pulverising the cooked animal tissue that remained after tallow had been extracted,’ gained 
momentum between the 1970s and the 1990s due to the increased use of continuous production 
systems and the increasing rates of dairy and meat consumption and production in Europe 
(Taylor & Woodgate, 2003: 299; Steward, 2010: 2-4). Hence, MBM feed is interconnecting 
between livestock production residues (e.g. slaughterhouse byproducts) and living animals, 
through the agricultural practice of feed. The transition of byproducts into MBM pellets is 
maintained by the rendering industry that is simplifying, i.e. “black boxing,” the residues and 
byproducts of livestock production (e.g meat products, fallen stock), turning it into feed (see: 
Fig. 3.1.1). The efficiency and productivity of MBM feed and its manufacture by the rendering 
industry mystified the other actants of the network, resulting in internalization of the MBM feed 
practice. Livestock producers, livestock animals, agricultural sectors, food industry, consumers 
and other actants are collaborating within the MBM feed network, its usage and manufacture. 
The collectivity of MBM feed network includes benefits for many actants. Livestock waste is 
reused, livestock production is improved, increasing demand for dairy and meat products is 
provided, and efficiency is maintaining and stabilizing the MBM feed network.       
 
 
Fig. 3.1.1. “Black boxing” of animal byproducts into MBM pellet by the rendering 
industry 
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In that period, the continuous Carver-Greenfield rendering system was applied in the UK from 
the US, and according to the European Parliament (1997), the introduction of this system of 
manufacturing MBM in a more cheap and efficient way is believed to have mobilized the 
outbreak of BSE in the UK. Moreover, other scientific hypotheses have also attributed the 
introduction of cost-saving rationalities, such as lower processing temperatures in the production 
of MBM, to the increased probability for the survival of BSE traces in the end product (Beck et 
al., 2007: 6; Nathanson et al., 1997: 961-962). However, there is still uncertainty among 
researchers as to the exact ground-zero cause of the outbreak. Nevertheless, the flow of feed and 
tainted meat unquestionably served to drive the spread of disease.  
 
The production of MBM in the EU-15 during the end of the 1990’s is estimated around 3 
megaton per year and its composition is largely varied and highly depends on the raw 
components in its production (EURA, 1999, Nehring et al. 1970, DLG, 1991, Kucinscas, 1999, 
Kleinhanss et al. 2000, Nottrodt et al., 2001 cited in Rodehutscord et al., 2002: 68; Taylor & 
Woodgate, 2003: 298). During the critical period from 1986 onwards, MBM was exported from 
the UK and other Member States of the EU to more than 100 countries around the globe (FAO, 
2001: 3). The usage of MBM in the Member States’ livestock production (especially poultry) 
decreased by about 30% since 1995 (Brookes, 2001: 8), mainly due to the ban on MBM feed for 
ruminants (e.g cows, sheep), which was introduced in the UK in 1989 and in the EU in 1994 
(FAO, 2001: 3-5). In relation to these bans, exports from the UK increased, initially to Europe 
(EAAP, 2003: 1), and after the EU ban mainly to Africa and Asia (FAO, 2001: 4), further 
showing the resilience of the MBM trade network.     
 
This resilience was driven by MBM feed’s efficiency and output. The use of MBM as the protein 
component in livestock feed mediates between the disposal practices and the production 
processes of the livestock industry, creating a feedback loop (see Fig. 3.1.2.) where the 
processing of meat byproducts increases production utility, enables more meat to be produced 
and consumed, and thus results in an excess of meat byproducts, which accelerates exports, 
trades and more livestock production around the globe. The use of MBM in livestock feed 
connects livestock diet with byproducts of meat production, turning ‘herbivores into carnivores 
and carnivores into cannibals’ (Chambers, 1999: 97 cited in Vos, 2000: 227), and creates a 
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cyclical logic that is justified in the name of efficiency, savings, and compatibility. These 
collective advantages of MBM as a feed component attach the rendering industry to livestock 
production, and thus supports the increasing production of both. This enables the inclusion of 
more actants who desire to become more competitive and efficient through the technology, 
lengthening the feed network due to a reliance and the collectivity between the two industries 
justified on economic growth. In terms of hybridity, the use of MBM in livestock diet can be 
seen to underpin the breakdown of the natural and social divide in a few ways. MBM is a 
product based on raw materials, such as fallen stock (dead livestock animals), abattoir and 
butcher’s waste, and other condemned material (Smith & Bradley, 2003: 187), and it is 
mobilized by farmers in their livestock production in order to improve efficiency in their 
production. Hence, the raw material, which otherwise would be part of natural cycles (e.g carbon 
dioxide cycle, food-energy chain), is translated into feed by the rendering industry, and is thus 
resurrected in its hybrid form as an improved product for maintaining livestock production for 
human consumption, such as dairy and meat. This translation of turning livestock manufacturing 
byproducts into feed creates a spiraling circulation, where waste becomes high quality-protein 
feed and is restored in the production process. This technological advance spread all over the 
globe through trade, and maintained MBM usage in livestock production despite the series of 
prohibitions on MBM derived from ruminants in the UK and later in the EU.      
 
Fig. 3.1.2 The feedback loop of livestock and MBM production 
 32 
 
However, the usage and production process of MBM also mediated nature to “kick back” in the 
shape of the BSE epidemic, initially in UK, mainly in dairy cows due to the beneficial use of 
MBM for increasing milking yields. Despite the diagnosis of BSE in the UK in 1986, it was not 
until 1989 that it became suggested that the use of MBM in animal feed could be a source of the 
BSE infection (FAO, 2001: 3). While the feeding of MBM to ruminants (i.e. cows, sheep) was 
banned in the UK at this time, exports continued to the rest of Europe until 1996 (ibid.). 
Furthermore, although the ban on MBM feed to ruminants extended to the rest of the EU until 
1994, a complete ban on the incorporation of MBM into all animal feed did not come into force 
until 2001 (ibid.). The durability of the BSE virus throughout the rendering process of MBM 
manufacture, due to relatively low temperatures and other cost-saving rationalities, and its 
circulation within livestock production as protein in feed, resulted in a heightened presence of 
the virus throughout the livestock production cycle. Moreover, the ability of the virus to be 
transmitted to humans is seen as the eminent factor for the removal of MBM from usage in 
livestock production as feed. How did the discovery of this spread to humans in turn lead to 
change in the EU system of food safety, including the authorization process for GMO food and 
feed? 
3.1.3. BSE Outbreak, GMO Emergence, and Institutional Change 
When it was discovered that BSE, spread by MBM in feed, could be transmitted to humans in 
the form of CJD in 1996, media coverage of the crisis exploded in the UK, Italy, and other 
Member States, making the public aware of what had been going on behind closed doors (Bauer 
et al., 2013: 139). As a result, the industrialization of the beef industry (ibid.: 145) and EU 
method of risk management came under increasing scrutiny from the public (Vos, 2000: 231), 
where the European Commission in particular was viewed with general European public distrust 
due to their role in overseeing food safety regulation (ibid.: 228). The conception that scientists 
and technical experts could be “objective” came under fire as well, as it became increasingly 
acknowledged that the politicization of scientific advice within the Commission had led to a 
downplaying of the severity of the BSE threat (Skogstad, 2006: 329-30). The damage had been 
done, and the sparking of this public mistrust and increased awareness of food safety issues came 
to the front of the political agenda in Europe, pressuring the European institutions to reform. 
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In extension, this public skepticism became directly linked to the issue of GMO’s, as they came 
to the European market parallel with the discovery of BSE’s spread to humans in 1996. As a 
result, the assessment of risk related to GMOs was intrinsically framed by associations to BSE 
(Lynch & Vogel, 2001). Although it is impossible to know if the European public would have 
been equally skeptical about GMOs if the BSE crisis had never occurred, it is worth underlining 
that a similar pervasiveness of anti-GMO discourse did not exist in the US at the time (Herrick, 
2005: 286). Furthermore, the UK, which was also hardest hit by the BSE crisis, became the site 
of some of the most vocal anti-GMO sentiment in Europe, underlying the importance of the 
discursive framing resulting from BSE (ibid.: 289). This could also merely be linked to 
differences in the two countries’ ideological and physical linkages between the rural and urban, 
however (ibid.).  
 
Nevertheless, up until the BSE crisis and ensuing institutional rupture, Directive 90/220/EC 
served as the legal basis for GMO risk assessment and authorization in the EU, resulting in the 
authorization of 18 crops for import or cultivation (Skogstad, 2006: 327). This included one 
variety of GM soybean, GTS 40-3-2 produced by Monsanto (CERA, 2009), authorized only as a 
product for import (Clive & Krattiger, 1996: 24). The principle of mutual recognition ensured 
that if a GMO was authorized for use in one Member State, the authorization would apply to all 
of EU. Similar to the general food safety regulation of that period, Member States had significant 
regulatory powers in regards to GMOs, shared with the European Community institutions 
(Skogstad, 2006: 327). 
 
However, as public outrage from the mismanagement of the BSE outbreak emerged, and the 
perceived democratic legitimacy of EU food safety decreased, similar condemnation spilled over 
onto the regulatory framework of GMOs, which was criticized as being undemocratic, opaque, 
and lacking accountability (Skogstad, 2006: 328). Deliberations between the Commission and 
Member States concerning GMO authorization were hidden, with little explanation for decisions 
(ibid.). Also, agrotech companies applying for GMO authorization could keep certain 
information confidential if ‘the disclosure [...] might harm [their] competitive position’ (Council 
Directive EEC 1990/220). The criticism of Directive 90/220/EC was two-pronged, coming from 
both consumers and environmentalists who faulted the regime as being incapable of protecting 
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them from GMO products, and the European biotech industry who saw the disharmony and 
fragmentation of Member State regulation and the GMO approval process as impeding 
agricultural competitiveness with the US (Skogstad, 2006: 328-329). As shown in Fig. 3.1.4, 
there was no citizen, NGO or interest group involvement within the authorization process.  
 
Fig. 3.1.3 Network of GMO authorization as per Directive 1990/220/EC 
By 1998, the strong public pressure led to twelve out of the then fifteen Member States enacting 
a de facto moratorium on GMOs, blocking further GMO authorization and causing a stop in new 
GMOs entering the EU (Lee, 2010: 3). However, GMOs which had already been authorized for 
cultivation or import, such as the Monsanto soybean, were still allowed. Nevertheless, the 
moratorium served as the final nail in the coffin of the EU’s food safety regulatory procedures 
and outcomes (Skogstad, 2006: 328). Facing legal pressure from the US and Canada in the WTO 
as well, the EU was forced to come with a new framework capable of incorporating and pleasing 
both citizens, NGOs, industry, scientists and politicians. 
 
As a result, the EU made an attempt to reconceptualize and restructure the logic of their food 
safety network from being a matter of regulation promoting economic efficiency, to a focus on 
consumer protection and values (Bergeaud-Blackler & Ferretti, 2006: 137). The EU 
Commission’s White Paper on Food Safety from 2000 marked this discursive shift in the modes 
of ordering by redefining the role of the Single European Market as offering ‘consumers a wide 
range of safe and high quality products coming from all Member States [where] ...every link in 
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this chain must be as strong as the others if the health of consumers is to be adequately protected’ 
(EU Commission, 2000: 6). This was to be underpinned with a “farm to table” approach, 
establishing a systematic network of responsibility to provide accountability and traceability in 
food safety from producer to consumer (ibid.: 8). Here, feed producers, farmers and food 
operators have primary responsibility in ensuring food safety, with national authorities 
monitoring and controlling the producers, the European Commission evaluating the national 
authorities, and consumers having responsibility for the proper storage and preparation of the 
food on their end. Furthermore, transparency of the scientific analysis and traceability of food 
and feed were considered necessary, as well as risk analysis being the foundation for all EU food 
policy, backed by the application of the precautionary principle, urging discretion in situations of 
risk where scientific consensus has not been reached (ibid.: 8-9). Risk management was also to 
be separated from risk assessment by the establishment of a new food authority, providing a 
separation of powers that was absent from the previous institutional framework, in order to 
protect science from political pressures (Bergeaud-Blackler & Ferretti, 2006: 138). 
 
In 2002, the ambition for a separate food authority crystallized as the European Food Safety 
Authority (EFSA) was established as an independent agency tasked with providing scientific 
advice to issues relating to food and feed safety, and animal health, amongst others (Bergeaud-
Blackler & Ferretti, 2006: 138). Their responsibility lies purely in providing risk assessment and 
communication, while the European Commission and Member States retain the role of primary 
decision-makers (Klintmann & Kronsell, 2010: 311). In order to provide a legal basis for the 
goals of the White Paper on Food Safety, the European Commission enacted several measures, 
including a proposal for a Regulation pertaining to ‘genetically modified food and feed’ 
including the ambition to promote ‘dialogue with consumers to encourage their involvement’ 
(European Commission, 2001: 4) as well as provide, 
‘...comprehensive requirements for the labelling of genetically modified food and feed, 
with the aim of providing consumers and users with a real choice’ (European 
Commission, 2001: 3).   
As shown in Fig. 3.1.4., the network of decision-making within the authorization of GMO’s 
became opened up to the public through documents published on the EFSA website, where 
citizens and interest groups are allowed to provide feedback to the European Commission for 
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their final authorization decision through the internet. However, although this appears to be an 
open and equal system, especially compared to before, it has tended to favor the agrotech 
companies, as the dossier applications serve as a mediator that is able to set the agenda, allowing 
them to conceal unfavorable information or data (Ferretti, 2007: 385). In effect, it sets up the 
knowledge base of the entire authorization network, made even more complicated by the fact 
that the agrotech companies are capable of hiding data from the public under the grounds of 
commercial secrecy (ibid.: 386). The EU institutions are also under strict time limits, giving the 
companies submitting the applications the ability to provide more thorough and convincing 
evidence for the safety of their products. This control of knowledge, in terms of what data and 
information will flow into the authorization network from the applicant dossier, in turn gives 
power to the agrotech companies; the EFSA has a limited time frame to make an evaluation and 
can only go by the data presented in the dossier, and the public only has access to limited 
information and opportunity for input. This shows that despite the fact the authorization network 
is lengthening to include more different actants within the decision-making process, agency is 
not in turn equally distributed along the authorization network. Although the network has 
become longer and more collective in its interweaving of actants, power seems to still be 
concentrated within the actants who are able to determine the logic of the network.  
 
Fig. 3.1.4 Networking of the current authorization process of EU GMO authorization 
(adapted from Ferretti, 2007: 384) 
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When the final EU Regulation concerning genetically modified food and feed emerged 
(Regulation (EC) 1829/2003), some notable choices of wording were utilized within the 
legislation. This had considerable effects on the modes of ordering what products were or were 
not to be labeled as GM, and by extension, the functioning of the European livestock feed 
network. Different from Directive 1990/220/EC, there was a clear differentiation between “food” 
and “feed,” with the Regulation applying to both, as they were seen as equally important to 
providing food safety, and no authorization procedure had previously existed for feed products.  
 
Additionally, Article 12 of Regulation 1829/2003 defines the scope of GMO labeling applying to 
products which: 
‘...contain or consist of GMOs... [or] are produced from or contain ingredients produced 
from GMOs’ (own emphasis). 
Regulation 1829/2003 further stipulates that GMO labeling does not apply to ‘foods produced 
with genetically modified organisms’ (own emphasis), meaning that e.g. the meat products 
marketed from animals that have been fed with GM feed are not subject to the labeling 
requirements of the Regulation. The explanation for this distinction lies in the EFSA’s GMO risk 
assessment, which ensures that there is no noticeable health difference between animals fed with 
GM and conventional feed (EFSA, 2010: 2) and there are no traces of GMOs transferred to the 
animals, meaning that they cannot be considered to be GM animals. The feed itself, and all other 
products containing, consisting or produced from GMOs were however required to have labeling 
on their packaging, allowing for livestock producers to choose what type of feed they were 
purchasing. Previously, before the labeling requirement, it was not possible to differentiate 
between a GM and conventional soybean when they arrived at the harbors of Europe, as there is 
no visible difference between the two.  
 
However, despite the labeling of GM feed, because animals fed with GM feed do not themselves 
have to be labeled as GM according to EU law, consumers are unable to know what they are 
eating, unless they purchase organic meat, or individual food producers and suppliers brand their 
products as “GMO-free.” Regulation 1829/2003 thus contains within it the discursive power to 
transform a GM input into a non-GM output, fit for consumption for the GMO-skeptic European 
public. As shown in Fig. 3.1.5., GM feed crosses this threshold as it is embodied into livestock, 
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with the categorization of being GM being “lost in translation” in between. Although these 
products are no longer considered GMO when they reach the end consumer, it does not change 
the fact that these products are reliant on a certain method of production; this process has merely 
been “black boxed” and rendered invisible to the consumer through the translation from feed to 
livestock. 
 
Fig. 3.1.5. The process of translation from GMO to non-GMO within the EU livestock 
network 
Furthermore, while the health risks to humans and animals are evaluated within the EFSA’s risk 
assessment of soybean GTS-40-3-2, the environmental impact is not taken into account as, 
‘Considering the intended uses of soybean 40-3-2, which exclude cultivation, there is no 
requirement for scientific assessment on possible environmental effects associated with 
the cultivation of soybean 40-3-2’ (EFSA, 2010: 29). 
Accordingly, the environmental risk and its assessment are externalized to the countries who are 
producing the soybeans and soybean-derived products exported to the EU. The “black boxing” of 
livestock fed with GM feed and meat products, and the regulatory modes of ordering GM 
authorization which externalize risk, make the European consumers disconnected from traces 
which could show potential environmental and health related risks. These risks are seemingly 
filtered through agricultural production taking place on faraway soil, and the digestive system of 
the animals that consume GM feed products, mystifying consumers and removing their ability to 
make a choice. In regard to this change in the regulatory framework and definition of what is and 
is not considered GM, which implications did these developments have in relation to the use of 
GM soybeans and soymeal in feed within the EU? 
3.1.4. Implications for the Soybean-based Feed Network 
The new EU GMO regulations also changed the flow of goods within the EU feed network in a 
notable manner. In the years up to and following the new regulations (1999-2005), there was a 
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marked increase in the import of soy products to the EU (see: Fig. 3.1.6), as well as a shift from a 
practice of importing soybeans and processing them to produce soymeal and soyoil, to the import 
of pure soymeal. Overall, the EU ban of MBM in animal feed in 2001 resulted in a shortage of 
protein for feed and necessitated a replacement to sustain European agriculture (European 
Commission, 2008: 46), causing approximately 14% and 24% increases in imports of soymeal 
and soybean respectively from 2000-2001 alone (FAOSTAT). However, high soybean prices at 
the time caused low margins from crushing soybeans for yielding soy oil and soymeal, making 
importing and processing less economically lucrative (European Commission, 2008: 48). Also, 
due to the new GMO labeling requirements for food, there was a reduction in the demand for and 
usage of soybean oil within the EU food industry (USDA, 2005 cited in ibid.), likely due to the 
fact that consumers could now choose to avoid purchasing GM products, again making import of 
whole soybeans less attractive. These developments meant that the import of pre-processed 
soymeal from South America, primarily Argentina and Brazil, became more attractive due to 
their cost-effectiveness as the GMO regulations came into force (ibid.: 48-49).  
 
Fig. 3.1.6. Total import of Soymeal and Soybeans to the EU-15 in tons, 1999-2005 
(Source: FAOSTAT) 
This raises the questions of how exactly the import of soymeal became so lucrative? How did 
GM technology mobilize this development? What developments took place in Argentina’s 
agricultural system that allowed this? These questions will be explored in the following chapter 
of the analysis. 
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3.2. Impact of Soybean and Genetic Modification on Agricultural 
Practices in Argentina and EU Livestock Feed 
In order to further trace out the process of GM soybean products becoming an integral part of the 
EU livestock feed network, this chapter will take a point of departure from a look back to the 
humble beginnings of the soybean, and how it came to Europe. This will illustrate the 
foundations for how the soybean plant over time was translated from an East Asian food product 
to an industrial product used in European livestock production, mass-produced in South 
America. How GM technology once again translated the soybean into an even more efficient and 
competitive provider of protein for livestock feed will be explored, by examining its role in 
changing agricultural practices in Argentina. The Danish poultry industry will be used as a case 
to demonstrate how these change in soybean production affected the livestock feed network in 
the EU. The following questions will guide the chapter: Which historical developments lead to 
soybeans becoming an industrial product in Europe, used as a protein component in livestock 
feed within the EU agricultural sector (Chapter 3.2.1.)? Why did soybeans become an important 
agricultural product in Argentina (Chapter 3.2.2.)? How did genetic modification improve weed 
control in soybean fields (Chapter 3.2.3)? What were the conditions for lengthening the network 
of GM soybeans in Argentina (Chapter 3.2.4.)? How did the lengthening of the GM soybean 
network impact the Danish poultry industry (Chapter 3.2.5)? 
3.2.1. The Emergence of Soybeans in the European Livestock Feed Network 
Glycine max, the soybean as we know it today, never occurred in the wild (Hymowitz, 1970: 
412). It is an agricultural hybrid that has been domesticated by humans, although the exact time 
and place of its emergence remains uncertain (Lee et al, 2011: 1), as domestication is ‘...a 
process of trial and error and not an event’ (Hymowitz, 1990: 1). The earliest known record of 
human use of the soybean, rather dubiously, comes from yet another hybrid: the legendary 
Chinese emperor Shen Nung, a “divine farmer” who bore the head of an ox and the body of a 
man (see: Fig. 3.2.1.), and allegedly wrote of the soybean in his Materia Medica sometime 
between 2800-2400 B.C. (Hymowitz, 1970: 415). More realistically, the domestication of the 
soybean likely took place during the Shang Dynasty (1700-1100 B.C.) (Hymowitz, 1990: 1). 
Over the next several thousand years, the soybean became a key component of East Asian 
nutrition, spreading through trade routes across Asia, finally reaching Europe in the form of soy 
sauce in the 17th century (ibid.: 1-2).  
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Fig. 3.2.1. Shen Nung. Divine Farmer (Bustamante et al., 2010) 
Comparatively, European interest in the use of soybean was a slow development. Soybean plants 
were cultivated mainly as a curiosity, on display in the Jardin des plantes in Paris in 1739, and 
England’s Royal Botanic Garden in 1790 (Hymowitz, 1990: 2). They were first utilized for more 
than display east of the Adriatic sea in 1804 where soybeans were harvested, cooked and 
incorporated into chicken feed to increase egg production (ibid.). During the 19th century, 
soybean interest began picking up in Europe, with culture tests beginning in 1821 in France, and 
cultivation in Italy in 1840 (Shurtleff & Aoyagi, 2007a). The emerging new western sciences of 
the time (e.g. nutrition, microbiology, chemistry and agronomy) were applied to soybeans, 
resulting in increasing inventiveness and study of soybeans (ibid.). The Society for 
Acclimatization in France began spreading packets of soybeans to their members in 1854 in to 
order begin propagation of the plant in Europe, but were not successful in establishing a 
permanent culture (ibid.). Soybean had been viewed largely as a food product for human 
consumption, but the innovation of Dr. Friedrich Haberlandt in Vienna between 1873-1878 lead 
to discoveries that it could be used for animal feed, giving soybeans a new potential within 
Europe (ibid.). 
 
Industrialization and the conflicts of the 20th century further shaped the mobilization of the 
soybean within the feed network. The Russo-Japanese War, taking place in Manchuria from 
1904-5, relied on locally grown soybeans to feed both armies; after the war, a surplus of 
soybeans remained (Shurtleff & Aoyagi, 2007a). Coincidentally, the market of traditional 
European oilseeds was priced very highly at the time, so Japanese traders shipped Manchurian 
soybeans to England at a highly competitive price, establishing a trade flow of soybeans for 
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export to Europe (ibid.). New industrial crushing techniques were developed in order to extract 
the oil from the soybeans, reconceptualizing the soybean as an industrial product which could be 
crushed and processed into soybean meal and oil (ibid.). Extensive testing of these processed 
products began in 1909, demonstrating the feeding value of soybean meal mixed into cattle feed 
as a protein source (ibid.).  
 
More precisely, protein is a key component in the feed formulation system and crucial for animal 
growth, body maintenance, procreation and output products such as egg and milk (FAO, 2004: 
xv, 2, 78). Soybeans came to be the preferred source of high quality vegetable protein for 
livestock manufacture, and soybean meal in particular is considered to have a high percentage of 
high crude protein (44%-50%) and a balanced amino acid composition when it is complemented 
with maize meal in the feed formulation system for monogastric animals, such as chickens and 
pigs (ibid.: xv). Greater portions of protein feed, such as soymeal, is used in younger animals, 
hence, less protein feed is needed throughout livestock production (ibid.: 29). 
 
The scientific reconceptualization of the soybean as a source of protein which could boost 
agricultural production, mediated by the technology which allowed it to become both oil and a 
feed component, lead to the establishment of the soybean as an important actant within the 
European livestock feed network. Already from the early 20th century, the incorporation of 
soybean as an actant caused a lengthening of the feed network in terms of space and number of 
actants, which otherwise had been reliant on a shorter and more simplified agricultural network 
involving the incorporation of more closely grown protein sources within livestock feed. In order 
to connect soybean to the feed network, it necessitated an interweaving of more actants 
stretching over vast distances: more farmers to cultivate the soybeans in Asia, transport ships and 
other vehicles to move them to Europe, sailors to steer the ships, merchants and trade agreements 
between the countries, translators to facilitate trade, factories to process the soybeans in Europe, 
workers in the factories, and so forth. In order to sustain the efficiency of agricultural production 
in Europe, all of the links in the chain of this network would need to remain in good shape for 
the network to stay durable. As will become clear, factors such as poor soybean yields and World 
Wars challenged the durability of soybean within the feed network, causing an alteration in it’s 
topology over time. The fact that the soybean network was able to recover and recuperate from 
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these ruptures, illustrates its resilience, durability and importance for providing protein for feed 
in EU. 
 
For example, Danish interest in soybeans emerged in the early 20th century, with Denmark 
becoming Europe’s leading importer of soybeans from East Asia by 1916 (Shurtleff & Aoyagi, 
2007b). This was linked to the high Danish demand for margarine, which was made with the oil 
crushed out of the imported soybeans (ibid.). The outbreak of the First World War almost 
completely reduced the Danish import of soybeans due interruptions within the European trade 
network, but after the war the Danish import from East Asia recovered and helped replenish the 
post-war economy (ibid.). This was a turning point, where the Danish economy shifted from a 
focus on the cultivation of wheat and other cereals, to livestock farming, relying on soybean 
meal for protein, making Denmark ‘One of the great national success stories with soybeans’ 
(ibid.). As a result, by 1930, approximately 70% of Denmark’s exports consisted of dairy, eggs 
and meat (ibid.).  
 
Furthermore, the trade disruptions from the Second World War created further change and 
expansion within the soybean network. Prior to the war, the US was quite reliant on the import of 
edible oils and fats, but were forced to become more self-sufficient as trade ceased (Gibson & 
Benson, 2005). As a result, the US rapidly expanded their cultivation of soybeans, making them 
the world’s largest soybean producer and supplier through the 1950s-1970s, cultivating more 
than 75% of the global soybean crop in this period (ibid.). European countries, such as Denmark, 
turned to imports from the US to re-stabilize their agricultural production after the war, 
disconnecting the East Asian producers from the feed network to a large extent. However, a US 
soybean export shortage in 1973 impacted many European countries, which unsuccessfully 
attempted to reduce their soybean dependence through national protein plans (Bertheau & 
Davison, 2011: 14). Since there were no soybean varieties that could be sufficiently cultivated in 
the EU-6 countries, there was an interest in keeping trade flowing (ibid.). As a result, the 
worldwide soybean shortage kick-started the initiation of soybean production in South America, 
in particular Argentina and Brazil (Gibson & Benson, 2005).  
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3.2.2. Soybean Production in Argentina 
Several factors played together to expand the cultivation of soybeans in Argentina, which 
quickly became incorporated into the lengthening European livestock feed network. The high 
demand for soybean on the global market incentivized a switch away from corn, sorghum and 
barley, compounded by climatic conditions in Argentina which favored soybean production 
compared to the former products (Schnepf et al., 2001: 15). Soybeans are summer annual plants, 
having optimum growing temperatures between 20°C and 30°C in climates with hot summers 
(Rüdelsheim & Smets, 2012: 5). If cultivated at cooler or hotter climates outside of these ideal 
conditions, soybeans will grow significantly slower, and will furthermore not survive winter frost 
conditions (ibid.). Although soybeans can grow in a variety of soil types, they have optimum 
growth in fertile, carbon rich soils (e.g. alluvial soils typically found in South America) (ibid.). 
Furthermore, soybeans are poor competitors, necessitating careful weed and pest management to 
prevent yield loss (ibid.: 8, 9). 
 
Increases in know-how, resource accumulation and agro-climatic advantage meant that 
Argentina rivaled US soybean yields, between the 1970s-1990s (Schnepf et al., 2001: 17-18). As 
a result, by the early 1990s, Argentina became a major player in soymeal exports, providing 22% 
of the world market share (ibid.: 19). This foothold was mobilized by Argentina’s focus on soy-
products as a good for export, compared to the US and Brazil, who were large producers as well 
as consumers. Domestic consumption was low in the population, and the protein hungry poultry 
and pork industries were small; the famous Argentinian cattle industry was grass-fed, meaning 
that only 3% of soymeal was used locally, and the rest could be sold on the international market 
(ibid.). 
 
Despite Argentina’s soybean success in this period, the country faced many economic hardships; 
from 76-83 the dictatorial military junta acquired massive debt for their own benefit from the 
World Bank and International Monetary fund, de-industrialization led to unemployment and 
stagnation, and eventually the fiscal system collapsed in 1989 (Joensen et al., 2005: 9). Due to 
the economic meltdown and failure of the state to service the debt, a newly elected 
administration began measures to privatize state sectors which were deemed economically 
inefficient, in the early 1990’s (ibid.). This was temporarily effective, but as the state took on the 
debt of the newly privatized firms, the deficit grew to 125 billion dollars by 1997 (ibid.). The 
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high price of soy-products on the market, and Argentina’s favorable climate for soybean 
production, meant that soybean production was one of few opportunities for income from 
external trade, due to the de-industrialization that the country had gone through (ibid.: 10). 
Coincidentally, GM technology came to the market at the same time, providing an attractive 
solution to the country’s financial woes. The flow of goods and capital entered and mobilized the 
soybean production network with the opening of the market at the beginning of the 1990s, 
meaning that Argentina was one of the best places in South America for international companies, 
such as Monsanto, to invest. It was highly lucrative to establish capital within and in turn remove 
profits generated in Argentina, due to the lack of restrictions (ibid.). As a result, the production 
of GM soybeans grew rapidly and extensively. Before examining this rapid expansion, what 
were the qualities of the GM soybean that made it so attractive for agricultural production? 
3.2.3. Modifying Glyphosate Resistance in Soybeans for Improving Weed Control 
In 1970, glyphosate was discovered by Monsanto’s Dr. John Franz as a herbicide, and four years 
later it was registered as a patent, branded as Roundup, and applied for commercial usage for the 
purpose of weed control in public places (e.g roadsides), tree plantations, and on crop fields 
before sowing (Moschini, et al., 2000: 35; VIB, 2013: 12). These practical limitations were set 
up due to its broad-spectrum, non-selective herbicidal features and its direct application on 
already emerged plants (e.g weeds, grass, grain) (Powles, 2008: 360; Moschini, et al., 2000: 35). 
Glyphosate is easily absorbed through the plant’s leaves and efficiently transported throughout 
the rhizome of the plant, reaching its growth points and solving the weed problem from its roots 
(VIB, 2013: 12). Without the application of glyphosate, the internal biological network of a plant 
is balanced, as shown in Fig. 3.3.2., where the intake of CO2 is a regulated process.  
 
Fig. 3.2.2. The role of EPSPS in the plant network, without glyphosate 
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However, as shown in Fig. 3.3.3., glyphosate inhibits the plant enzyme 5-enolpyruvylshikimate 
3-phosphate synthase (EPSPS), and thus reduces the negative feedback within the shikimic acid 
pathway in the plants, causing them to accumulate shikimic acid, which results in decay due to 
the increased carbon consumption in the shikimate pathway and carbon shortage or blockage in 
other metabolic pathways (VIB, 2013: 11). Another advantage of glyphosate is its low toxicity 
rate (slightly toxic - e.g kitchen salt) for humans and animals (WHO, 2009 cited in ibid.: 12), due 
to the fact that they do not have the EPSPS enzyme, and thus enables its wide usage as a 
preferential herbicide (VIB, 2013: 12). In the twenty years after its discovery as a herbicide, 
several experiments were conducted in order to enable the use of glyphosate after the plants’ 
germination in order to control weed problems while they grow (ibid.), and thus to increase 
yields. However, no success was noted.               
 
Fig. 3.2.3. Inhibition of EPSPS within the plant network when introduced to glyphosate 
 
During 1986-1995, field trials of GM crops were conducted in 34 countries, and 
commercialization began to take shape (Clive & Krattiger, 1996: v). In May 1994, the first GM 
food product was marketed in the US, Calgene’s Flavr SavrTM tomato, which was genetically 
modified to have a relatively longer ripening period, and thus a longer decay process (Myerson, 
2000: 9-11, 15; ibid.: 23). In the beginning of the 1990s, field trials of Roundup Ready (RR) 
soybeans (aka GTS 40-3-2, as introduced in Chapter 3.1.3.) began mainly in the US, Argentina 
and Costa Rica, experimenting with the compatibility of glyphosate as a weed remover before 
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and after germination (Clive & Krattiger, 1996: 16, 20, 22). As shown in Fig. 3.2.4., this was 
possible because the RR soybean was modified to be a herbicide-resistant crop, where the 
glyphosate tolerant enzyme (CP4 EPSPS) from a soil microorganism (Agrobacterium 
Tumefaciens) was introduced to soybean seeds through a gene gun transformation method, 
altering the soybean plant to be resistant to Roundup (CERA, 2009; Moschini, et al., 2000: 35; 
Qaim & Traxler, 2005: 74). Moreover, this technology mediates between two main opposing 
actants: the plant-killer glyphosate (aka Roundup) and the soybean plant (Glycine max), 
transforming their relationship from one of antagonism to companionship. Instead of a 
relationship that ends in plant decay, it creates a biotechnological synthesis between an efficient 
weed-exterminator and a valuable crop used for a vast variety of purposes, that grants 
agricultural production the ability to easily eliminate weeds and thus stabilize soybean crop 
yield, for increased profit.  
 
 
Fig. 3.2.4. The glyphosate resistance of the RR Soybean Network 
Due to genetic modification, a glyphosate tolerant enzyme from the soil microorganism kingdom 
is introduced to the soybean plant network and creates a mutation which cannot occur through 
natural evolution. The result is a hybrid soybean plant (GTS 40-3-2), with the same nutritional 
values as conventional soybeans (EFSA, 2010: 2), that can grow while glyphosate is applied and 
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exterminates all of its competitors, and the cultivation of glyphosate-resistant (GR) soybeans 
becomes more simple and efficient to cultivate than other soybean strains. In terms of production 
and profit, GR soybeans have relatively lower costs than in the conventional system, mainly due 
to improved weed control by using only one herbicide throughout the cultivation period, and 
slightly higher yields (Gianessi, 2008: 346-347). Furthermore, this simplification of the weed 
control practice also result in less time consumed by the farmer for their managerial practice, and 
in terms of space, a larger area of cultivation can be obtained because of the low toxicity of 
glyphosate. This means that fewer considerations about the surroundings are made because, 
theoretically, glyphosate is not harmful to humans and animals and therefore it is easier to handle 
and no special treatment is needed (e.g glyphosate can be sprayed on the fields by planes). 
Obviously, genetic modification of soybeans improves the condition of weed control for the 
farmer, reducing production costs and increasing yields. Cost savings for a GR soybeans 
producer are estimated in 40$ per metric ton, about four times more than the 8$ per metric ton 
received by the conventional soybean cultivation (FAS, 2001 cited in Schnepf et al., 2001: 22). 
However, this raises questions about the conditions that led to the adoption and spreading of this 
cultivation system, and more specifically, which conditions enabled the lengthening of GR 
soybeans network in Argentina? 
3.2.4. Glyphosate-Resistant Soybean Cultivation in Argentina 
Commercial cultivation of GR soybeans began during 1995-1996 in the US, Canada and 
Argentina, whereas in Mexico and the EU, it had been authorized for feed and import of products 
only (Clive & Krattiger, 1996: 24-25). In Argentina, Monsanto’s RR soybeans were the first GM 
crop to be authorized for cultivation and its initial cultivation area was an estimated 152,000 
hectares in 1996 (ibid.: 24). During these initial years of GR soybean cultivation, a few economic 
reforms were imposed in Argentina by the Menem government in spite of Argentina’s fiscal 
debt. First, a monetary reform was implemented to stop inflation, and the peso was pegged to the 
dollar. Second, taxes on commercialised imports and exports were removed in a fiscal policy in 
order to attract international companies to invest in Argentina. Third, the public sector and state 
enterprises were undergoing a large privatisation process (Joensen et al., 2005: 9). This new 
framework accelerated imports and investments in new agricultural technologies such as 
fertilizers, pesticides, machinery and GM seeds (Pengue, 2005: 317). Moreover, these fiscal 
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reforms influenced the lengthening and translation of the GR soybean network to Argentina from 
the US throughout the development of notable economic, political and agricultural conditions. 
 
In regards to the cultivation practices of GR soybeans in Argentina, a few factors came into play. 
Glyphosate was much cheaper in Argentina (3$/liter) than in the US due to tax breaks on 
imports, and Argentinian farmers were offered “growing packages” including GR soybeans 
seeds, glyphosate and fertilizers, which were permitted by the agrotech companies and paid for 
after the harvest (i.e on credit), and promoted by academic organisations, government, large 
scale farmers and corporations (Pengue, 2005: 317; Joensen et al., 2005: 10). Moreover, in 
conjunction with the cultivation of GR soybeans, a no-tillage and direct sowing system was 
introduced and enabled two cultivation periods in the same growing season in areas where only 
one was formerly cultivated, (Joensen et al., 2005: 17; Cerdeira et al., 2011: 5800; Pengue, 2005: 
317; Christoffoleti et al., 2008: 423) further increasing soybean yields and efficiency. Meaning 
that ploughing was reduced to a minimum, and instead, the farmers used drilling machinery to 
incorporate the former crop residues into the soil, drilling the GR soybean seeds into it and 
pressing the soil to cover them (Joensen et al., 2005: 17). As a result, cultivation time was 
shortened, yields from the same fields were doubled in one season, and less labour and 
machinery was needed - cultivation was done with one machine that clears the ground, sows the 
seeds, covers the soil, and on top of that glyphosate is applied. GR soybean cultivation strongly 
relies on these new technologies, which strengthen the link between agrotech companies and 
soybean cultivation in Argentina due to the increasing reliance not only on chemical fertilizers 
and pesticides, but also on seeds. The tax breaks on trade and market reform in Argentina made 
it profitable for agrotech companies, such as Monsanto, to establish factories for herbicide 
production, sell it on the local markets, while no restrictions were imposed on their profits that 
were transferred outside of Argentina (ibid.: 10). 
 
In May 1997, international prices for soybean crops reached a high peak of 328$ per ton (highest 
in 9 years), surpassing the comprehensive high prices of other crops such as corn (204$) and 
sorghum (191$) (Schnepf et al., 2001: 21). As a result of these high prices on soybean crops, a 
special form of association was formed in Argentina during 1996-1997, named Pooles de 
Siembra (Sowing pools) (FAO, 2004: 36). These financial instruments are speculative 
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investment funds, that provide services such as financial, commercial and agronomic 
management, mainly for the purpose of large scale productions and profitable commodities 
(ibid.: 35-36), such as soybean crops and their derived products. The emergence of these groups 
of speculative investors in the soybean production in Argentina increased the reliance on 
technological efficiency, due to the investments in direct drilling machinery and GR soybean 
seeds. The administrative ambition of the agricultural sector of the Menem government to 
compete in the global market, reduced the number of farms and increased their size, by 
regulating the size of competitive farms to more than 200 hectares (Joensen et al., 2005: 16). 
200,000 producers were forced to leave their farms, and the land was acquired by groups of 
investors (e.g. sowing pools), who sometimes hired the former farmers of the land as labor 
(ibid.). As a result, GR soybean crops replaced other less valuable crops (including conventional 
soybean), and smaller amounts of workers were needed due to the technological advances of 
drilling machinery and GR soybean seeds, with a reliance on profits from export commodities 
such as soymeal.    
 
Regarding GR soybean seeds, it was only in Argentina that farmers could keep the seeds and 
replant them without paying royalties or technological fees to the seed suppliers (i.e agrotech 
companies) (Joensen et al., 2005: 7; Pengue, 2005: 318; Qaim & Traxler, 2005: 74; VIB, 2013: 
16). This was feasible due to a notable incident in the agrotech business. During the mid-1980s, 
an agreement was made between Asgrow, an Argentinian agrotech company, and Monsanto to 
include Monsanto’s RR soybean seeds into Asgrow’s soybeans breeding lines (Qaim & Traxler, 
2005: 75). Shortly after, Asgrow was purchased by Nidera, who took over Asgrow’s production 
line, including their plant material and company rights (VIB, 2013: 16). Despite the successful 
intervention of Monsanto to discontinue Nidera’s free access to their RR technology, Asgrow’s 
plant material, including other varieties of GR soybean seeds, became Nidera’s property (Qaim 
& Traxler, 2005: 75).  
 
According to the national seed law in Argentina, plant varieties cannot be patented. However, it 
is possible in regards to genetic modification of seeds (Qaim & Traxler, 2005: 75). In 1995, 
Monsanto applied for a patent on RR technology, notwithstanding, this was rejected due to 
unsuitability with novelty requirements (ibid.). Nidera was the first to supply GR soybean seeds 
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in Argentina and other companies followed the years afterwards (including Monsanto), although 
the RR technology belonged to Monsanto. However, Nidera did not require farmers to sign on 
purchase contracts, like Monsanto did (e.g in the US), so producers in Argentina could buy a 
variety of GR soybean seeds and save the seeds for replanting (ibid.; GAO, 2000 cited in 
Schnepf et al., 2001: 25). Although farm-saved seeds cannot be sold in Argentina according to 
national law, a black market for GR seeds in Argentina accelerated the share of unauthorized 
seeds in total seed consumption from 25% to 35%, during the introductory period of GR 
technology in the mid-1990s (Qaim & Traxler, 2005: 75). The result was cheaper prices for GR 
seeds in Argentina than in the US, and in conjunction with the cheaper prices of glyphosate in 
Argentina due to cheaper manufacture costs, cultivation of GR soybean has never been seen so 
profitable and feasible before.  
 
As shown in Fig. 3.2.5., the lengthening of the GR soybean network in Argentina and the 
translation of RR technology from the US to Argentina is influenced by certain conditions that 
make the cultivation of GR soybean in Argentina more profitable and efficient than in the US. 
The economic conditions under the fiscal reforms in Argentina enabled investments in 
technology such as drilling machinery and cheaper manufacture of glyphosate, attracting 
agrotech companies to Argentina. The legislative conditions in Argentina translated the patented 
RR technology from the US to non-patented GR soybean seeds, and the result was a bigger 
variety of GR soybean seeds in the market, including a large black market of farm saved seeds 
that increased during the mid-1990s. The climatic conditions in Argentina in conjunction with 
the time-saving technology of drilling machinery and glyphosate usage enabled the production of 
two soybean crops in the same season, further increasing profits, supply and efficiency. 
Furthermore, the GR soybean network in Argentina was strongly interlinking with agrotech 
companies and investor groups, which boosted technological usage and agrotech manufacturing 
in Argentina and promoted the export of commodities, such as soymeal, in order to generate 
more profit and competitiveness.               
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Fig. 3.2.5.The lengthening and translation of GR soybean network to Argentina from the 
US 
When statistics on soybean cultivation in Argentina during the introductory years (1996-2001) of 
GR technology are examined, a rapid increase in the cultivated area of GR soybeans is noted 
(see: Fig. 3.2.6.). It is deduced that the area share of GR soybean in the total area of soybean 
cultivation in Argentina has accelerated from 0% in 1996 to 90% in 2001, the total cultivated 
area of GR soybeans in Argentina increased from 0.04 million hectares to 9.29 between 1997-
2001 (ASA, 2001 cited in Qaim & Traxler, 2005: 76). Glyphosate sales in Argentina increased 
from 7.62 million liters in 1995-96 to 82.35 million liters in 2000-01 (CASAFE, 2001 cited in 
Qaim & Traxler, 2005: 76). In the growing season of 2004-2005, the total area of soybean 
cultivation in Argentina reached 14 million hectares, which was close to 100% GR soybean 
(VIB, 2013: 15), shortening the non-GM soybean network almost to the point of vanishment. 
This collective GR soybean network marked Argentina as the largest exporter of soymeal in the 
world, establishing a durable link with European countries such as Denmark, Italy and the 
Netherlands (Pengue, 2005: 314-315). 
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Fig. 3.2.6. GR soybean cultivation and total soybean cultivation area in millions of 
hectares, 1996-2001 (Source: Qaim & Traxler, 2005: 76) 
As shown in Fig. 3.2.7., export of soymeal from Argentina boosted since the introduction of GR 
soybean cultivation in 1996, and the administrative reforms during the 1990s, that promoted 
technological usage in agricultural production and reduced taxes on imports and exports. As 
emphasized in Chapter 3.1., the EU network of protein feed for livestock was undergoing the 
MBM-BSE crisis during the same period. Thus, it becomes clear that both the rapid increase of 
GR soybean cultivation in Argentina and the increasing demand for soymeal in the EU’s 
livestock production, increased and strengthened the linkage and consolidation between soymeal 
production in Argentina and livestock production in the EU. Moreover, the resilience of the 
export of soymeal derived from GR soybeans is also associated with the fact that it was not 
differing from soymeal derived from other varieties of soybean until the enforcement of EU 
Regulation 1829/2003, and due to its usage in livestock feed, it is translated into meat products, 
which are not labeled as GM. 
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Fig. 3.2.7. Argentina’s soymeal export rate in tons, 1980-2011, (Source: FAOSTAT)    
In order to exemplify the impact of the expanded network of GR soybean and its derived 
industrial products on livestock production in the EU, a scrutiny of the Danish poultry 
production will be presented. How did the lengthening of the GM soybean network impact the 
Danish poultry industry’s choice of livestock feed? 
3.2.5. Impact of the GM Soybean Network in Argentina on Danish Poultry 
Production 
Tracing back and reconnecting to the developments uncovered in Chapter 3.1., the BSE crisis 
lead to a decrease in beef consumption and increased interest in “lighter” meats, mainly poultry 
(Magdelaine et al., 2008: 54; Appendix 8). Moreover, as a result of the increasing focus on food 
safety, traceability, and quality in the mid-1990’s, including the shifted consumer attention on 
feeding methods in relation to the issue of MBM (Magdelaine et al., 2008: 54), the Danish 
poultry industry underwent structural changes to meet these new demands (Graversen et al., 
2004: 3; Appendix 8). Beyond the public interest in Denmark, Danish exports were regarded as 
safe in many other countries, leading to the establishment of agro-food networks that could 
stabilize and guarantee quality (European Commission, 2005: 28). For example, in 1996, leading 
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Danish poultry producers Danpo introduced salmonella-free chicken and removed MBM from 
chicken feed, and in 2001, they launched a non-GMO strategy, removing GM grain and soy from 
their chicken feed as well (Landbrug & Fødevarer, 2012). The Danish poultry industry was thus 
able to brand its products as “quality chicken,” promising,  
‘No use of growth hormones [...] No use of antibiotic growth enhancers [...] No use of 
GMO in chicken feed [...] Close to a zero-level of antibiotics [...] Free of salmonella’ 
(ibid.: 12). 
Comparatively, the Danish pork industry had made an attempt to market “GMO free” products in 
2002, but sales were marginal and the line was discontinued (Andreassen, 2003), meaning that 
by 2004 poultry was the only meat product in Denmark that would specifically avoid the use of 
GM feed. Danish hatcheries and poultry producers underwent an agreement to not use GM feed 
in their production, adopting a system of quality control to assure a GMO-free supply chain 
(European Commission, 2005: 34). The EU regulations on GM food and feed (as presented in 
Chapter 3.1.3.) required the labeling of feed, giving the ability for the poultry industry to give 
assurance within the food-chain that the feed used for Danish chickens would be GMO free, 
incorporating soymeal derived from conventional soybeans cultivated in Brazil (Danwatch, 
2011: 4).  
 
However, this distinction was not without a price. Since it is impossible to distinguish between a 
conventional and GM soybean with the naked eye alone, an additional lattice of actants (see: Fig. 
3.2.8) must be superimposed on top of the feed network to guarantee, identify, and manufacture 
the soybeans necessary to provide the GM-free “quality” of Danish chicken (European 
Commission, 2012: 17). These factors contribute to increased transport time, administration, and 
handling costs (ibid.). Generally, the EU import market for agricultural goods functions as an 
economy of scale, where the costs of import are mitigated by the sheer volume of goods that are 
transported at one time, overall generating lower costs. The import of non-GM products removes 
this economic advantage by adding the lattice of actants, taking extra time and money, which 
reduces the profitability and in turn raises the price of the feed, and thus the end poultry product 
for consumers. For livestock farmers, price and profit are the determining factors for their choice 
in feed (Appendix 8), especially relevant for poultry farmers where feed costs make up 77% of 
the price of production (Milanesi, 2008 cited in Bertheau & Davison, 2011: 19). Therefore, in 
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order for the business model to make sense for poultry producers, the suppliers and consumers 
must be willing to pay the “quality” premium that occurs from the increased price of non-GMO 
feed. From 2000-2005 this premium was approximately 5 EUR per ton, but since the adoption of 
Regulation 1829/2003 and the increasing worldwide production of GM soy, this premium has 
steadily increased up to 40 EUR per ton by 2012, on average, making up approximately 14% of 
the total price (European Commission, 2012: 40, 56). In addition, the administrative costs, 
dedicated feed storage silos, cleaning, analysis and so forth, raise this premium by 30 EUR per 
ton of compound feed (ibid.: 40). 
 
Fig. 3.2.8. Non-GM Soybean from Brazil in EU livestock feed network, with additional 
GMO-free lattice above 
Therefore, the Argentinian cultivation of GM soybeans is impacting the Danish poultry 
production by creating a parallel network of livestock feed that is in direct competition, as GM 
and non-GM feed products have become binary, mutually exclusive products due to the modes 
of ordering within EU Regulation 1829/2003. Besides the obvious differences in production with 
each of these parallel feed networks, there is an important distinction between their respective 
meat products, in the outcomes that end up in the hands of the final consumer, as shown in Fig. 
3.2.9. Namely, GM fed chicken has the easily valued “objective” benefit of a concrete, cheaper 
price; comparatively, the non-GM fed chicken has the more elusive “subjective” benefit of 
quality, which is more difficult for consumers to assign value to (Magdelaine et al., 2008: 56), 
and producers to incorporate into their economic assessments and business decisions. Since a 
chicken fed with GM feed is not labeled as a GM product due to Regulation 1829/2003 (as 
explained in Chapter 3.1.3.), assigning quality here becomes even more difficult, because it is 
 57 
impossible for consumers to differentiate between the two products. There is neither negative 
labeling indicating that the GM fed chicken is “GMO,” nor positive labeling indicating that the 
non-GMO fed chicken is “Non-GMO.” Thus, unless the consumer is up to date on developments 
in EU law and Danish poultry industry agreements, the only factor that can shape their decision 
is price (at least within conventional products). 
 
Fig. 3.2.9. Difference in outcomes between GM and Non-GM soybean networks for 
poultry consumers 
Looking beyond Denmark, the world poultry market is highly competitive, and expected to grow 
in the next decades (Nelson, 2012: 9-10). Over the past decade however, Denmark has been 
exporting slightly less and increasingly importing more chicken meat (see: Fig. 3.2.10.). The 
drop in export rates taking place from 2004 coincides with EU Regulation 1829/2003 going into 
force, implying that the GMO lattice is being integrated onto the non-GM soybean network 
making Danish poultry products progressively more expensive and potentially less competitive. 
Additionally, compared to some of the other main poultry exporters within the EU who have 
been gaining self-sufficiency, Denmark’s self-sufficiency in poultry meat has been trending 
slightly downwards since 2007 (see: Fig. 3.2.11.). These factors are putting pressure on the 
Danish poultry industry, compounded with the general debt-related economic troubles that the 
Danish agricultural sector is facing as a result of the 2007-8 financial crisis (Appendix 8). 
Moreover, the impact of the financial crisis on consumers has made it more difficult for 
Denmark to sell their pricier, quality chicken at home and abroad (Appendix 8). According to a 
Danish poultry industry representative,  
‘...we are competing with companies on the international market, where GM feed is used, 
and that determines the price level [...] the only responsible thing we can do to ensure 
Danish broiler chicken production and its 2,500 Danish jobs is to adjust the costs, and 
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here feed is one of the last possibilities left’ (Landbrug og Fødevarer, 2013 - own 
translation). 
 
 
Fig. 3.2.10. Danish import and export of chicken meat, 2000-2011 (Source: FAOSTAT) 
 
Fig. 3.2.11. Change in self-sufficiency of poultry production in different EU countries in 
% (Source: AVEC, 2013: 36) [Note: data series is from 100-200%] 
The lengthening of the GM soymeal network, stretching and expanding from Argentina in 
particular, has an underlying economic efficiency that has rendered the use and production of 
non-GM soymeal less competitive. Hence, the modes of ordering within the free trade network, 
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globally and within the Single European Market, bring with them a logic of economic 
competitiveness meaning that the Danish poultry industry is compelled to make choices that will 
allow them to stay ahead or at least inline with its market competitors. Since the non-GMO 
“quality” brand of Danish chicken is in effect hidden from consumers it provides little 
competitive advantage, made even worse by the extra costs imposed by the GMO-free lattice, 
and dwindling global supply of non-GM soymeal as countries such as Brazil begin converting 
their conventional soybean production to GR soybeans. The economically sound choice from the 
poultry producers’ perspective is thus to adapt to GM feed and come on equal ground with other 
producers, or otherwise face an uncertain future (barring change within the EU labeling laws). 
Seemingly, as the GM soymeal network continually expands, it shrinks the non-GM soymeal 
network and simultaneously strengthens its own durability, enrolling producers to join in on its 
logic or go out of business. This is further indicated by the changes in Brazil, who authorized GR 
soybean cultivation in 2004 (Cerdeira et al., 2011: 5800), and are already expected to produce a 
soybean yield consisting of 91% GM soybeans in 2014 (Reuters, 2013). 
 
As a result of the Danish poultry industry’s envelopment within the GM soymeal network, 
approximately 117 million Danish broiler chickens will be fed with GM feed in 2014 (Landbrug 
& Fødevarer, 2013). Assuming that global demand for GM soymeal does not decrease, this 
means that supply will have to increase to meet the Danish demand of soymeal for 117 million 
broilers. In order to be able to cultivate more GR soybeans, land-use will have to change to 
provide space for additional agricultural production. This raises the question of what impact 
these land-use changes could have in terms of CO2 emissions from the accelerated 
decomposition of soil carbon and clearing of vegetation? 
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3.3. CO2 Emissions from Land-use Change in Argentina and Brazil 
Assuming that Denmark continues to import the soymeal or soybeans from primarily Argentina 
and Brazil, five potential land-use change scenarios could take place (see: Fig. 3.3.1), in order to 
provide the necessary agricultural space to meet the demand. Land-use could be converted into 
GM soybean crops in Brazil from 1) Rainforest or 2) Conventional soybean crops 3) Forest 
plantation (Eucalyptus), or in Argentina from 4) Forest or 5) Severely Degraded Grassland.
 
Fig. 3.3.1. Five land-use change scenarios to meet increasing Danish GM feed demand 
In a natural system, the amount of soil organic matter is constant, as there is a balance between 
the rate of decomposition and supply of plant organic matter (Buringh, 1984: 93). With human 
impact on the network, this balance is interrupted, leading to changes in both plant matter supply 
and decomposition rates. As demonstrated in Fig. 3.3.2., CO2 emissions are caused by land-use 
change’s impacts on both the soil and vegetation. In order to convert a forest to a GR soybean 
crops, for example, the above and belowground vegetation needs to be cleared, and the soil needs 
to be tilled and usually fertilized, to provide the space and conditions for cultivation. This can 
result in nitrous oxide (N2O) and CO2 emissions due to increased amounts of nutrients (minerals) 
in the soil (Castanheira & Freire, 2013: 53), and increased decomposition of soil organic matter 
due to greater exposure to oxygen, where a change in the balance between carbon and nitrogen in 
the soil can accelerate the activity and productivity of soil microorganisms (FAO, 2005: 18-19). 
In addition, decomposition of soil organic matter and carbon stock rates are influenced by the 
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soil moisture, temperature rates, topography (e.g slope), hydrology (e.g precipitation, soil 
drainage), elevation (e.g depth to bedrock), vegetation (recent and present), and agricultural 
practices (e.g no-tillage, fertilizers application) (Buringh, 1984: 93). Moreover, CO2 emissions 
can result due to a decrease in carbon stock contained in the above and below ground vegetation, 
which will potentially be burned, or decay and thus become carbon in the soil. 
 
 
Fig. 3.3.2. Network of CO2 emissions from land-use change 
In order to explore the extent of the human interruption of the stability of the natural soil carbon 
network, the IPCC Tier 1 and Renewable Energy Directive model is used to investigate the 
impact of this potential land-use change in terms of CO2 emissions (see: Chapter: 2.1.3). In each 
scenario, an assumption is made concerning what the previous land-use was, based on 
geographical visualizations of the area (e.g. topographical maps, satellite imagery on Google 
Earth) and secondary data from journal articles regarding the current land use and vegetation of 
the chosen areas for the five scenarios. Then, the following questions are addressed to calculate 
the emissions: What is the carbon percentage and bulk density of the dominant soil group in the 
chosen area? What is the soil organic carbon quantity in tons per hectare before and after land 
use? Finally, how much CO2 is being emitted from the change in land-use per year? (See: Table 
2 for results; Appendix 3-7 for calculations) 
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For use in all scenarios, the total land area being changed as a result of the Danish poultry 
industry’s shift to GM feed needs to be calculated (see: Appendix 1). For 117 million chickens 
(Landbrug & Fødevarer, 2013), a total of 316,110 tons of soybeans will be required to provide 
the necessary 248,906 tons of soymeal. The average soybean yield per hectare in Argentina and 
Brazil are 2.74 and 2.59 tons respectively (Masuda & Goldsmith, 2009: 147), meaning that a 
total 115,369 hectares will be need to be converted in Argentina and 122,050 in Brazil. Each 
scenario (see: Fig. 3.3.3.) contains soil maps (from HWSD) to indicate and present the dominant 
soil group from the variety of soils in the area.  
 
 
Fig. 3.3.3. Areas for the land-use change scenarios in South America (left), and 
Suitability Index (SI) of soybean production in Latin America from Pacheco, 2012: 9 
(right) 
The five scenarios were chosen based on different areas that measured favorably on the 
Suitability Index for soybean production, (see: Fig 3.3.3.) and represented different geographical 
areas in the two countries with varying conditions that could influence CO2 emissions (e.g. 
rainforest, grassland, forest, cropland). In short, the Suitability Index reflects an analysis of agro-
climatic characteristics (i.e. temperature and moisture) of an area, the influence of temperature 
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and moisture on potential crop yields, and combines them to show the percentage of maximum 
yield attainable for a given crop in a given area (Fischer et al., 2002: 38). Furthermore, since 
soybean production in Argentina is almost exclusively GR soybeans (see: Chapter 3.2.4), an 
extra scenario was chosen for Brazil, showing the land-use change from conventional to GR 
production.  
3.1.1. Scenario 1: Eastern Amazonian Rainforest in Brazil 
Here, the “worst case” scenario, in terms of CO2 emissions, is presented, where agricultural 
space for GR soybean cultivation is provided by deforestation of uncultivated Amazonian 
rainforest, in the northern Para region. This scenario could take place if Brazil needed to begin 
utilizing some of its “untouched” agricultural area to produce more soybeans. Deforestation 
within the Amazon region has removed approximately 15% of the forest area, with soybean crop 
expansion playing an increasing role in the process (Sampaio et al., 2007: 1), meaning that the 
scenario is not entirely unrealistic. According to the HWSD soil map, Ferralsols are one of the 
dominant soil types in the area (see: Fig. 3.3.4.), and contain 1.22% carbon per kg of the topsoil 
and a bulk density of 1.1 grams per cubic centimeter. However, there is no clear dominant soil 
type in this area, meaning that also the Acrisols (1.02% C/kg) could have been chosen, 
potentially changing the results. This is considered the “worst case” scenario largely due to the 
high carbon value of the aboveground tropical rainforest vegetation (198 t C/ha), despite the 
modest soil organic carbon per hectare (39.6 t C/ha). After clearing the 122,050 ha of mainly 
forest and tilling the soil, an estimated 15.18 tons of CO2 would be emitted per hectare, resulting 
in a total of 4,798,559 tons of CO2 per year to meet the Danish demand for soymeal (See: 
Appendix 3). In 2010, Denmark emitted an estimated total CO2 equivalent of 59,843,000 (NERI, 
2010: 6), meaning that the CO2 emissions per year from this “worst case” scenario would be 
approximately 8% of Denmark’s total yearly emissions. 
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Fig. 3.3.4. Soil types in the geographical area of Northern Para, Amazon Rainforest, 
Brazil, (Source: HWSD viewer) 
3.3.2. Scenario 2: Non-GM soybean cropland in Mato Grosso do Sul, Brazil 
In this scenario, an established crop of conventional soybeans in the East of Caarapó, Mato 
Grosso do Sul (54.6W 21.95S) in Brazil, is being changed to GR soybean cultivation. The 
climate in south of Mato Grosso do Sul is classified as subtropical (Cáceres et al., 2008: 322). 
Soybean cultivation has been expanding in the Mato Grosso do Sul region since the 1980’s 
(Schnepf et al., 2001: 40-41) giving the potential for replacement with with GR crops. In this 
scenario, the GR soybean crops are preferred to the conventional soybean due to lower 
production costs and higher competitiveness on the global market (see: Chapter 3.2.5.), leading 
to land-use conversion. In order to transform the conventional fields, the farmer would first have 
to plow the land area that was used for conventional soybeans, which were cultivated within a 
reduced tillage cultivation system (Castanheira & Freire, 2013: 52), converting it to a no-tillage 
cultivation of GR soybeans (i.e. direct drilling, see: Chapter 3.2.3). 
 
According to the HWSD soil map of the area (see: Fig. 3.3.5.), the dominant soil type is 
Ferralsols, which contain 1.2% carbon per kg of topsoil with a bulk density of 1.2 grams per 
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cubic centimeter. In this case, the soil organic carbon and cropland vegetation was lower than in 
the previous case (i.e rainforest), both at 43.2 tons C/ha. Compared to the previous scenario, a 
considerably lower estimated 3.94 tons of CO2 is emitted per hectare, releasing 1,245,476 t of 
CO2 emissions per year from the estimated 122,050 hectares converted to GR soybean to meet 
the Danish demand (see: Appendix 4).  
 
 
Fig. 3.3.5. Soil types in the geographical area of Mato Grosso do Sul, Brazil (Source: 
HWSD viewer) 
3.3.3. Scenario 3: Forest plantation (Eucalyptus) in Eastern Minas Gerais, Brazil 
In the third scenario, 122,050 ha of Eucalyptus plantation, located in the East of Minas Gerais 
region in Brazil (42.6W 19.6S), is being plowed and cleared to establish GR soybean crops. The 
climate of East Minas Gerais is tropical semi-wet, and in the surroundings of  the State Park of 
Rio Doce, a large quantity of Eucalyptus forest plantations can be found (Srbek-Araujo, et al., 
2009: 462). The vegetation value of Eucalyptus plantations in this ecological zone of tropical 
moist deciduous forest is 26 t C/ha. According to the HWSD soil map of the area (Fig. 3.3.6), the 
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dominant soil type is Ferralsols with 1.9% Carbon in the topsoil, and a bulk density of 1.45 
g/cm3. Hence, the soil organic carbon in the area is calculated to be 82.65 t C/ha (see Appendix 
5). As a result of the conversion to GR soybeans cropland, 964,137 t CO2 would be emitted per 
year.  
 
 
Fig. 3.3.6.Soil types in the geographical area of Eastern Minas Gerais, Brazil (Source: 
HWSD viewer) 
3.3.4. Scenario 4: Forest in Southeastern Chaco Region, Argentina 
The Chaco region stretches from Argentina, through Paraguay and Bolivia to Brazil, and has 
varied vegetation: forests, woodlands, scrubs, savannas and grassland (Bucher & Saravia Toledo, 
2001 cited in Zak et al., 2004: 590). For this scenario, the denser forests of the dry temperate 
Southeastern Chaco (59.57W 26.85S) have been chosen, due to the fact that this area has been 
the site of heavy deforestation in the past decades (Zak et al., 2004: 593). As shown on Fig. 
3.3.7, the dominant soil type of the area is Phaeozems, with a soil organic carbon value of 65.94 t 
C/ha (ee: Appendix 6), and vegetation containing 93 t C/ha. If deforestation takes place to 
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provide space for GR soybeans, an estimated 2,134,339 t CO2 t would be emitted, due to the 
high carbon levels in the soil and vegetation. However, due to the extensive deforestation already 
having taken place in the region, the calculated CO2 emissions could in fact be lower as a result 
of the decrease in forest coverage.  
 
 
Fig. 3.3.7. Soil types in the geographical area of Southeastern Chaco Region, Argentina 
(Source: HWSD viewer) 
3.3.5. Scenario 5: Severely Degraded Grassland in South of San Nicolas, 
Argentina 
This LUC scenario is taking place in the Pampas region of Argentina, North-West of Buenos 
Aires (60.03W 33.95S), characterized by a warm temperate and dry climate, and a severely 
degraded grassland (Castaneira & Freire, 2013: 52; World Bank, 2009: 1). This degradation is 
the result of climatic factors (e.g. rain intensity, low water infiltration into clay soils) but also as 
a result of an agricultural practice that has been mismanaging the land (e.g. no crop rotation, 
overgrazing, excessive cultivation) (Hugo, 2006: 135). According to the HWSD soil map of the 
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area (see: Fig. 3.3.8), the dominant soil type is Phaeozems with a soil organic carbon value of 
55.44 t C/ha (see: Appendix 7), and a low value of vegetation, only 3.1 t C/ha due to the 
degradation. In this scenario, carbon stock rates were improved, showing a negative rate of CO2 
emissions, -145,411 t CO2. Potentially, land-use change could cause more carbon to be stored in 
the soil and in the vegetation, which could increase the carbon stock rates in the soil after the 
conversion of a severely degraded grassland to a GR soybean cropland.  
  
 
Fig. 3.3.8. Soil types in the geographical area South of San Nicolas, Brazil (Source: 
HWSD viewer) 
3.3.6 Impact of Land-use Change 
In the different scenarios, there was a range of different results, showing the potential impact of 
the Danish poultry industry’s shift to GM soymeal for broiler chicken feed depends on where the 
cultivation and land-use change is taking place. Although the results were calculated annually, 
the total emissions over the estimated 20 years that it will take for the carbon to reach 
equilibrium are considerably larger (see: Table 2). Some general observations were made as to 
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what factors had the greatest impacts on CO2 emissions. The level of vegetation before land-use 
change seemed to have the most significant role, as there was a correlation between the levels of 
CVeg and the CO2 emissions, whereby ordering the scenarios based on the CVeg values has the 
same order as the output of CO2 emissions. Soil organic carbon levels did not have as an extreme 
effect, as Scenario 3, which had the highest SOC value, had the second lowest CO2 emissions. 
Thus, tropical rainforest seems to be the worst choice for GR soybean expansion in terms of CO2 
emissions, while cultivation of the severely degraded grassland in Argentina could actually 
improve the carbon stock, causing the land-use change to act as a carbon sink rather than source. 
Also, the results of the conversion of conventional soybean to GR soybean crops in Scenario 2 
demonstrates that the process of clearing and plowing the area is mediating substantial CO2 
emissions and raises some complications in regards to this commonplace agricultural practice. 
This type of change in the use of land, even though it may seem much less harmful than 
deforestation and the application of herbicides or fertilizer, creates conditions that accelerate the 
decomposition of carbon and thus increase GHG emissions. 
 
Throughout the investigation there were many assumptions and standard values applied that 
shaped the outcome of the results. The percentages of carbon and bulk density are the only 
values representing local data for the area investigated, while the most impacting variable (i.e. 
CVeg) was derived from standard values from the European Commission. These standard values 
are quite general, e.g. one value for all tropical rainforests in North and South America 
(European Commission, 2010a: 37), and may not reflect the actual vegetation value of the 
region. This problem makes it quite difficult to decisively state the impact of the land-use in 
terms of CO2 emissions, also because it is not known where it will take place. These 
shortcomings will be addressed in the following discussion, which stretches back to the 
beginning of the analysis, to reflect on and further explore the implications of the findings. 
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 Scenario 1 Scenario 2 Scenario 3  Scenario 4 Scenario 5 
Soil Type Ferralsols Ferralsols Ferralsols Phaeozems Phaeozems 
% Carbon 1.22 1.2 1.9 1.57 1.54 
Bulk Density 
(g/cm3) 
1.1 1.2 1.45 1.4 1.2 
SOC (C/ha) 39.6 43.2 82.65 65.94 55.44 
CVEG (C/ha) 198 43.2 26 93 3.1 
Flu (CSR) 1 1 1 1 1 
FMg (CSR) 1 1.08 1 1 0.7 
FI (CSR) 1 1 1 1 1 
CSR (C/ha) 237.6 89.9 108.65 158.94 41.9 
Flu (CSA) 0.48 0.69 0.69 0.8 0.8 
Fmg (CSA)  1.22 1.15 1.15 1.1 1.1 
FI (CSA) 1 1 1 1 1 
CSA (C/ha) 23.2 34.3 65.58 58.03 48.78 
t CO2/ 
t soybeans 
15.18 3.94 3.05 6.75 -0.46 
t CO2 
emissions per 
year 
4,798,559 1,245,476 964,137  
 
2,134,339 -145,410 
Total t CO2 
emissions 
after 20 years 
95,939,573 24,877,906 19,274,611 42,674,934 -2,908,217 
Table 2. Results from Land-use Change Scenarios 
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4. Discussion 
The calculated CO2 emissions from land-use change to GR soybean cropland in the former 
scenarios are based on limited data, and thus represent doubtful and general findings. The 
complexity of soil and biomass networks makes the process of data collection more difficult 
because of the many variables involved. The dynamics between human intervention (i.e 
machinery, herbicides, fertilizers) and plants, soil, and microorganisms result in changes of 
carbon stock (above and below ground), however, the adoption of general values for large areas 
of land entails simplification of this dynamic weave of actants. Hence, factors such as climate, 
soybean yield, aboveground vegetation and the actual land use and cultivation system before and 
after the change, are built upon standard values and measurements. The impact of these factors 
on the total carbon stock and on the size of land that is changing seems crucial for the calculation 
of CO2 emissions. For example, the average yield of GR soybeans (i.e productivity) is influenced 
by climate variables such as precipitation and temperatures, and thus alters the size of land that 
needs to be converted for GR soybean cultivation. Additionally, the number of hectares of GR 
soybeans that are needed for meeting the increasing soymeal demand is probably too large to be 
cultivated within one specific area. As a result, the land-use change will likely occur in different 
geographical areas, and thus the variation of factors and their values is increased and further 
broadens the complexity of carbon stock calculations. 
 
The variation of carbon percentage and bulk density in the soil is a result of dynamic conditions 
such as climate, soil age, topography, geology and agricultural practices. Therefore, the amount 
of soil organic carbon per hectare is based upon variables that change within space and time, 
which makes the calculation of CO2 emissions from land use change to be more complex and 
less accurate, especially since the soil data for South America from the HWSD is almost 20 years 
old (FAO et al., 2012: 24). Much could have changed since these values were measured, 
especially with the rapid land-use change taking place in Argentina and Brazil. More precise data 
is needed, mainly regarding vegetation and soil characteristics, it is not enough to evaluate them 
on large areas and assume that carbon is evenly distributed in the land. The data on the standard 
soil organic carbon might be more useful in investigations of more focused changes in land use, 
with less variables (e.g. the same type of vegetation and climate zone) where different levels of 
carbon percentage and bulk density would play a more prominent role in the calculation of CO2 
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emissions. Furthermore, vegetation in an area is also complex network that includes large 
amounts of dynamic actants and mediators such as precipitation, drainage, temperatures, light 
hours, etc. As the area of land that is changing increases, the variation of vegetation might 
increase as well, and due to the considerable impact of vegetation on the rates of carbon stock, 
more precise values are needed.      
 
Nevertheless, the practice of plowing and clearing an area for the purpose of GR soybean 
cultivation in Argentina and Brazil is mobilizing a change in carbon stock, despite the 
uncertainty of the calculations. Other methods of land-use change are seemingly not taken into 
consideration within the establishment of GR soybean crops. It seems that in the case of GR 
soybean crops, efficiency and productivity play a crucial role in the decision to plow and prepare 
the ground for the upcoming crop. By removing the existing biomass, plowing the soil, adding 
fertilizers and applying herbicides, the conditions for cultivation of GR soybeans are optimal - 
there is no competition, but also artificial soil fertility, and weed control throughout all of the 
cultivation process, resulting in stable outcomes and maximum efficiency. However, this 
endeavor for productivity is causing changes in carbon stock, and potentially leading to GHG 
emission (e.g. CO2 and N2O emissions). The commonplace agricultural practice of plowing and 
clearing the ground before establishing cropland seems to be a standardization and simplification 
of land-use change, and its implications in terms of carbon stock and biodiversity are not taken 
into consideration due to its efficient effect on crop productivity. Although a no-tillage 
cultivation system (i.e direct drilling) is utilized in GR soybean cultivation, decreasing the total 
CO2 emissions, plowing and clearing the biomass in the area is the first step for its establishment, 
without this, the cultivation of GR soybeans is impractical. No-tillage cultivation systems lead to 
lower levels of CO2 emissions in the calculations (i.e. the FMG variable) which can be beneficial 
if the practice is maintained in the long run; however, these systems are reliant on glyphosate to 
activate the full potential of the GR soybeans. A factor not taken into consideration that could 
lead to more plowing and clearing is the threat of the evolution of glyphosate-resistant weeds, as 
a result of the widespread application of the herbicide (Green, 2014: 1). If these “superweeds” 
continue to evolve and spread, it could lead to GR soybeans losing their competitive edge 
compared to conventional soybeans, meaning that either new GM products will have to be 
developed, or the agricultural practice will revert back to old methods of tillage-based 
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cultivation. Both scenarios could potentially lead to further reorganization of the carbon stock 
network, e.g. from plowing, and thus more CO2 emissions, and possibly a return to the use of 
more harmful herbicides (ibid.: 3). Furthermore, this research project did not take into 
consideration other factors related to the EU livestock feed network which generate CO2 
emissions, such as transportation, and methane emissions from the livestock themselves, which 
further complicate GHG emission calculations and require further investigation. 
 
The complexity involved in understanding both the environmental and social impact that the 
Danish poultry industry’s shift to GM feed has, makes it difficult to communicate and provide a 
clear understanding of these problems both for consumers, producers, and politicians. This 
reflects a key characteristic of this type of environmental problem: their incalculability (Aage, 
2012: 284). As the CO2 emission calculations are based on imprecise data and can vary widely, 
and it is unknown whether the problem of superweeds will diminish the efficiency of GR 
soybeans, it becomes unclear exactly what damage is being done (if any). Likewise, EU 
Regulation 1829/2003 translates GM feed into non-GM livestock, and allows agrotech 
companies to withhold knowledge and control the flow of information to the public, mystifying 
food and making it difficult for the public to know what they are eating. All of the livestock feed 
network’s complications are “black boxed” for the consumer: translated into a trimmed and 
plucked poultry product, packaged in plastic and sold at an attractive price. The only clear thing 
is that more soybeans and chickens are being produced more easily, resulting in a cheaper price, 
which is more convenient than facing the uncertain and possibly grim implications which 
underlie and facilitate this low cost. Hence, the cost for humanity in terms of e.g. the large 
environmental damage of the “worst case” scenario is not reflected into the price of the feed or 
chicken; it becomes an externality, and is not taken into account by the “invisible hand” of the 
market (ibid.: 285). 
 
Actants such as the Danish poultry farmers and conventional soybean farmers in Brazil are 
pressured by global competition as the GR soybean network lengthens, and function within 
economic rationalities where price is the dominant factor for choosing a certain feed product 
(see: Appendix 8) or method of production (i.e. glyphosate and no-tillage), meaning that there is 
little or no incentive to continue their “non-optimal” methods of production, due to the 
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externalization of environmental costs. These externalities are further abstracted from the final 
meat consumer in Denmark, who likely knows neither what his food’s feed is made of, nor the 
complexities of where it came from. Perhaps if the estimated 1,245,476 tons of CO2 per year 
emitted from the conversion of conventional soybean to GR soybean crops (see Chapter 3.3.2) 
were somehow imparted as a cost onto the producers, they would be more wary of land-use 
change, making the price of feed and the end meat product more expensive, incentivizing other 
forms of consumption and production. Alternatively, if the consumers were provided with more 
knowledge of the origin (e.g. feed and conditions) of their meat products, it could influence their 
consumption habits.  
 
However, if a change in EU law to begin labeling meat products derived from GM feed resulted 
in a complete lack of demand for GR soymeal within the EU, it could result in extensive land-use 
change back to non-GM soybean cultivation, meaning more plowing and CO2 emissions. 
Problematically, this would likely result in more CO2 emissions than the conversion from 
conventional to GR soybeans, due to a reversion to tillage practices and lower yield of soybeans 
per hectare. Seemingly, in terms of CO2 emissions from land-use change, since GR soybeans 
have been established to such a large extent (e.g. almost 100% in Argentina), simply shifting 
back to former agricultural practices may not be a sound solution as this process would require 
extensive land conversion. 
 
Furthermore, the problem at hand is not only related to the technology of GR soybean itself, but 
also the high demand for meat (particularly in Denmark, see: Fig. 4.1.1.) and the rationalities of 
free trade and economic competitiveness. The demand for meat is facilitating farmers in South 
America to strive for soybean production, and the lack of self-sufficiency within the EU 
livestock feed network is driving rapid land-use change abroad, due to the lack of authorization 
and favorable climatic conditions for soybeans throughout the EU. In addition, the demand for 
meat and the Single European Market is also promoting competitiveness for livestock producers 
within the EU, where Denmark is not the only Member State to shift their broiler chicken feed 
practice this year. For example, German poultry producers also began utilizing GM feed as of 
February 2014, demonstrating that the network stretches and has implications beyond the 
specific case studied in this research project (USDA, 2014: 2).  Moreover, looking beyond the 
 75 
EU, there is a continuing trend amongst developing countries where the demand for meat and 
other animal products rises as income and population increases (FAO, 2003: 159), meaning that 
the problem has the potential to increase in years to come.  
 
Fig. 4.1. Meat consumption per capita in the EU-27 in 2012 (image from: FEFAC, 2012: 
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This projected global increase in agricultural production due to rising meat consumption requires 
more information and knowledge, driving a more balanced and deep discussion of the impact of 
the usage of GM technology, and agricultural practices in general, on the environment, taking the 
potential “kick back” or externalities into consideration, rather than simply following the 
“invisible hand” of the market. This should involve a more hybrid approach to the GMO 
controversy, proceeding openly and cautiously—investigating and communicating what it is 
actually doing, socially and naturally, rather than focusing only on efficiency and price, or the 
discussion of its moral and ethical implications. More precise and less generalized data should 
facilitate case-by-case evaluations, to explore the impact of further agricultural expansion or 
changes in production. 
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The “hybrid geography” and ANT theoretical framework utilized for this research project lead to 
an avoidance of applying pre-assumptions to GMO’s (e.g. that they are exploitative and their 
production favors transnational organizations such as Monsanto), instead exploring the chain-
reactions and the evolution of conditions that resulted in the changing positions and relations. 
For example, the translation of Monsanto’s RR technology was not a simple case of global 
capital exploiting labor in Argentina, but a complex incident which played out within a unique 
context where economic (e.g. fiscal and trade reforms) and natural (e.g. climate) conditions 
interplayed to allow the introduction and rapid expansion of the GR soybean network in 
Argentina. On the other hand, the difficulty in demarcating the borders which define where 
networks begin and end, or which actants are included and worth following, gives a risk of bias 
and simplification in representing the development of how things came about. Also, the lack of 
specific data and complexity means that it is difficult to provide conclusive results, in terms of 
the CO2 emission calculations. Moreover, there is a reliance on scientists, experts and researchers 
to communicate what is taking place, both within the social, the natural and in between, 
detaching this project from interfacing directly with the objects/subjects of study. As a result, the 
applied tools of research for this project (computers, databases, websites, books, expertise, CO2 
formulas, etc.) mediate the types of explanations that can be collected in order to explore the 
problem definition, and are themselves “black boxed” representations of the world, simplified 
and efficient, but perhaps lacking significant nuances which also influence the unraveling 
pathways of the EU livestock feed network. 
  
 77 
5. Conclusion 
The historical developments of the soybean in Europe established it as mainly an industrial 
product, acclaimed for its ability to provide protein for livestock. Scientific discoveries and 
technological advances allowed it to be crushed and made into oil and feed, rather than as a 
staple of human cuisines, as in Asia. The wars of the early 20th century changed the shape of 
world trade, first establishing a major soybean trade link between Asia and Europe, and later 
shifting soybean productivity to the Americas. Specifically in Argentina, economic problems and 
favorable agro-climatic conditions played together to make it an ideal place for soybean 
cultivation and capital investment beginning in the mid-1990s. When GR soybean crops were 
introduced to Argentina, a series of events lead to Monsanto losing the patent to RR seeds. 
Hence, it became cheaper to cultivate GR soybeans than conventional soybeans, mainly because 
of cheaper production costs and increased efficiency. The climate and the no-tillage cultivation 
enabled double soybean crops in one season, further increasing productivity of GR soybean 
cultivation in Argentina. 
 
At around the same time, the BSE outbreak within the EU livestock network mobilized a change 
in the regulation of food safety, and establishment of the EFSA. Also, the BSE “kick back” lead 
to a ban of the use of MBM in livestock feed, and thus increased the urgency for other sources of 
protein for feed in the EU livestock sector, leading to a stronger linkage between EU livestock 
production and GR soybean cultivation in Argentina. The regulatory change was based on the 
precautionary principle and mobilized in the name of consumer protection. Moreover, the new 
approach to food safety differentiated between GM food and feed, and allowed for traceability 
within the food chain, including the labeling of GM products. However, EU Regulation 
1829/2003 created new modes of ordering which changed the definitions and categorizations 
within the food chain, including GM food and feed. As a result, livestock fed with GM feed were 
not labeled as GMOs, meaning that GM soymeal from e.g. South America could be used to feed 
animals without consumers being informed. These modes of ordering legitimized the import of 
GM soymeal, despite the EU public skepticism towards GM technology and GMO products. 
 
The choice of the Danish poultry industry to produce a GMO-free chicken became increasingly 
expensive due to the lengthening of the GR soybean network and the shortening of the 
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conventional soybean production in South America. Higher costs resulted due to more 
administrative tools, labor, and separate facilities being required in order to produce and 
guarantee GMO-free soymeal and soybeans. This lead to an increase in costs for GMO-free 
soybeans, and as a result, more expensive chicken products in Denmark due to the higher 
manufacturing costs. Due to the lengthening of the GR soybean network, the Danish poultry 
industry became less self-sufficient, efficient and profitable. According to Danish poultry 
representatives, the sector would lose competitiveness and jobs, if it did not change production to 
include GM soymeal. Similarly, Brazilian soybean producers, who previously supplied the 
Danish demand for non-GM soybeans, increasingly converted to GR cultivation, further 
indicating the durability and collectivity of the GR soybean network. 
 
In order to supply the demand for GM feed in Denmark, over 100,000 hectares of land needs to 
be changed to provide agricultural space for GR soybean cultivation. It was found that land-use 
change is influencing the carbon stock and extent of CO2 emissions in different ways, depending 
primarily on the above and belowground vegetation. As a result, land-use change of the Brazilian 
rainforest to GR soybean cultivation would result in the highest CO2 emissions, equivalent to 
approximately 8% of the annual Danish GHG emissions. On the other hand, conversion of the 
severely degraded grassland in Argentina to GR soybean crops, would result in a carbon sink. 
However, these findings are limited due to the lack of data, and the simplification of the carbon 
network’s complexity, resulting from the generalizations and assumptions used to assign value to 
the variables in the calculations. These limitations stress the need for more comprehensive 
investigations of the impact of land-use change. This problem is increasingly relevant as the 
growing worldwide demand for meat products, and food, drive the expansion of GM crops. 
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7. Appendix 
Appendix 1: Calculations of soybeans to feed Danish Poultry 
production and hectares of land-use change 
Variables: 
C = number of chickens = 117,000,000 (Landbrug & Fødevarer, 2013) 
F = kgs of feed per kg of chicken = .967 (Eurostat 2006/2007 cited in Gelder et al., 2008: 
4) 
K = average chicken weight in kg  = 2.2 (PSU, 2014) 
Sm = Soymeal demand 
Sb = Soybeans needed 
Ya = average soybean yield in Argentina per hectare = 2.74 (Masuda & Goldsmith, 2009: 
147) 
Yb = average soybean yield in Brazil per hectare = 2.59 (Masuda & Goldsmith, 2009: 
147) 
 LUCa = Land-use change in Argentina 
 LUCb = Land-use change in Brazil 
 
Equations: 
Sm = C x (F x K)  
Sb = Sm x 1.27 (1 unit soymeal = 1.27 unit soybean (Gelder et al., 2008: 19)) 
LUCa = Sb / Ya 
LUCb = B / Yb 
 
Calculations: 
Sm = 117,000,000 x (.967 x 2.2) 
Sm = 248,905,800 kg = 248,906 t demand of soymeal 
 
Sb = 248,906 t x 1.27 
Sb = 316,110.62 t demand of soybeans 
 
LUCa = 316,110.62 / 2.74 = 115,368.83 ha of land-use change Argentina 
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LUCb = 316,110.62 / 2.59 = 122,050.43 ha of land use change Brazil 
 
Appendix 2: Equations for Scenarios 
Carbon stock change  
Eq.1: e1 = (CSR - CSA) x 44/12 x 1/20 x 1/P 
 
Carbon stock 
Eq.2: CSi = SOCi + Cveg i = (SOCST x FLUi x FMGi x FIi) + Cveg i 
 
Soil organic carbon (GRDC, 2013: 58) 
SOC = 10,000m2 x 0.3m x D g/cm3 x C/100 
Appendix 3: Calculations for Scenario 1 
Rainforest in Brazil (Northern Para) = (54.9W 1.03S) 
Scenario: Rainforest to soybean crops 
Dominant type of soil: Ferralsols 
Variables: (HWSD) 
C = 1.22 percentage of weight of carbon in the topsoil  
 D = 1.1 g/cm3 
SOC = 10,000 m2 x 0.3 m x 1.1 g/cm3 x 1.2/100  
SOC = 39.6 t C/ha 
 
CSR = Before land-use change 
Variables:  (European Commission, 2010a) 
Flu = 1 
FMg = 1 
FI = l 
Cveg = 198 t C/ha  
 
CSR = (39.6 t C/ha x 1 x 1 x 1) + 198 t C/ha 
 = 237.6 C/ha 
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CSA = After land-use change 
 
Variables: 
SOC = 39.6 C/ha 
Flu = .48  
Fmg = 1.22  
FI = 1 
Cveg= 0 t C/ha 
 
CSA = (39.6 t C/ha x .48 x 1.22 x 1) + 0 t C/ha 
CSA = 23.2 C/ha 
 
e1 =  
= (237.6 C/ha - 23.2 C/ha) x 44/12 x 1/20 x 1/2.59 (t soybean/ha) 
 = 15.18 t CO2/t soybeans 
 
Carbon emissions =  
= 316,110.62 t soybeans x 15.18 t CO2/t soybeans  
= 4,798,559 t CO2 
Appendix 4: Scenario 2 
Caarapó - Mato Grosso do Sul (54.6W 21.95S) 
Scenario: Non-GM soybean converted to GR soybean fields 
Dominant type of soil: Ferralsols 
 
Variables: 
C = 1.2 percentage of weight of carbon in the topsoil  
 D = 1.2 g/cm3 
SOC = 10,000 m2 x 0.3 m x 1.2 g/cm3 x 1.2/100 
SOC = 43.2 t C/ha 
 
CSR = Before land-use change 
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Variables: 
Flu = 1 
FMg = 1.08 
FI = 1 
Cveg = 43.2 t C/ha 
 
CSR=  
= (43.2 t C/ha x 1 x 1.08 x 1) + 43.2 t C/ha 
= 46.7 t C/ha + 43.2 t C/ha 
 = 89.9 t C/ha 
 
CSA = After land-use change 
 
Variables: 
SOC = 43.2 t C/ha 
Flu = 0.69 
Fmg = 1.15 
FI = 1 
Cveg= 0 t C/ha 
 
CSA =  
= 43.2 t C/ha x 0.69 x 1.15 x 1 + 0 t C/ha 
= 34.3 t C/ha 
 
e1 =  
= (89.9 t C/ha - 34.3 t C/ha) x 44/12 x 1/20 x 1/2.59 (t soybean/ha) 
 = 3.94 t CO2/t soybeans 
Carbon emissions =  
= 316,110.62 t soybeans x 3.94 t CO2 / t of soybeans 
= 1,245,475.8 t CO2 
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Appendix 5: Scenario 3 
Forest plantation in Brazil, eastern Minas Gerais (42.6W 19.6S) 
Dominant type of soil: Ferralsols 
 
Variables: 
C = 1.9 percentage of weight of carbon in the topsoil  
 D = 1.45 g/cm3 
SOC = 10,000 m2 x 0.3 m x 1.45 g/cm3 x 1.9/100 
SOC = 82.65 t C/ha 
 
CSR = Before land-use change 
Variables: 
Flu = 1 
FMg = 1 
FI = 1 
Cveg = 26 t C/ha 
 
CSR = (82.65 t C/ha x 1 x 1 x1) + 26 t C/ha 
 = 108.65 t C/ha  
 
CSA = After land-use change 
 
Variables: 
SOC = 82.65 t C/ha 
Flu = 0.69 
Fmg = 1.15 
FI = 1 
Cveg= 0 t C/ha 
 
CSA =  (82.65 x .69 x 1.15 x 1) + 0 t C/ha  
CSA = 65.58 t C/ha  
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e1 = (108.65 t C/ha - 65.58 t C/ha) x (44/12) x (1/20) x (1/2.59 t soybean/ha)  
= 3.05 CO2/t soybeans 
 
Carbon emissions = 316,110.62 t soybeans x 3.05 CO2/t soybeans 
= 964,137 t CO2 
 
Appendix 6: Scenario 4 
Southern Chaco Region (59.57W 26.85S) 
Dominant type of soil: Phaeozems 
 
Variables: 
C = 1.57 percentage of weight of carbon in the topsoil  
 D = 1.41 g/cm3 
SOC = 10,000 m2 x 0.3 m x 1.4 g/cm3 x 1.57/100 
SOC = 65.94 t C/ha 
 
CSR = Before land-use change 
Variables: 
Flu = 1 
FMg = 1 
FI = 1 
Cveg = 93 t C/ha 
 
CSR = (65.94 t C/ha x 1 x 1 x 1) + 93 t C/ha 
 = 158.94 t C/ha 
 
CSA = After land-use change 
 
Variables: 
SOC = 65.94 t C/ha 
Flu = 0.8 
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Fmg = 1.1 
FI = 1 
Cveg= 0 t C/ha 
 
CSA = (65.94 t C/ha x 0.8 x 1.1 x 1) + 0 t C/ha 
= 58.03 t CO2/ha 
 
e1 = (158.94 t C/ha - t C/ha 58.03) x (44/12) x (1/20) x (1/2.74 t soybean/ha)  
= 6.75 t CO2/t soybean 
Carbon emissions = 316,110.62 t soybeans x 2.6 t CO2/t soybeans 
 = 2,134,339 t CO2 
 
Appendix 7: Scenario 5 
Grassland, severely degraded (World Bank, 2009: 1) south of San Nicolas (60.03W 33.95S) 
Dominant type of soil: Phaeozems 
 
Variables: 
C = 1.54 percentage of weight of carbon in the topsoil 
 D = 1.2 g/cm3 
SOC = 10,000 m2 x 0.3 m x 1.2 g/cm3 x (1.54/100) 
SOC = 55.44 t C/ha 
 
CSR = Before land-use change 
Variables: 
Flu = 1 
FMg = 0.7 
FI = 1 
Cveg = 3.1 t C/ha 
 
CSR = (55.44 t C/ha x 1 x 0.7 x 1) + 3.1 t C/ha) 
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 = 41.9 t C/ha  
 
CSA = After land-use change 
 
Variables: 
SOC = 55.44 t C/ha 
Flu = 0.8 
Fmg = 1.1 
FI = 1 
Cveg= 0 t C/ha 
 
CSA =  (55.44 t C/ha x 0.8 x 1.1 x 1) + 0 C/ha 
CSA = 48.78 t C/ha 
e1 = (41.9 t C/ha - 48.78 t C/ha) x (44/12) x (1/20) x (1/2.74 t soybean/ha)   
 = -0.46 t CO2/t soybeans 
 
Carbon emissions = 316,110.62 t soybeans x -0.46 t CO2/t soybean 
= -145410.8 t CO2 
Appendix 8: Interview 
Interviewer: Can you please tell a bit about yourself? What do you do for a living? 
 
Interviewee: Yeah I can. Work related I am head of education at this school and that’s pretty 
much two-thirds of my time and the last one third I am teaching in economy and in politics. 
 
Interviewer: How old are you… just for? 
 
Interviewee: I am 52. I’m an educated farmer and on top of that I have an education in economy. 
I have been in the teaching business so to speak since 1991. Most of the time at this school, but 
also at two other schools in shorter periods. And then I have worked 4 years in the beginning of 
the 2000’s as a freelance advisor you can say or teacher mainly in projects related to the 
development in Eastern Europe and Russia 
 
Interviewer: Of agriculture? 
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Interviewee: Not only of agriculture. Actually, it was mainly related to how to build democratic 
organizations. On the lowest level NGO’s and things like that. How do you establish and make 
an organization run from a democratic point of view. 
 
Interviewer: Sounds like a nice background. You said already that you are an experienced farmer 
and are in the educational part of agriculture since the 90’s. When exactly did you become an 
experienced farmer, did you ever have a farm? 
 
Interviewee: I have not had my own farm. I’m born and raised on a farm. My parents had rented 
or leased a farm, so I’m born on a farm, a small farm in Denmark. When I was a kid my dream 
was to become a farmer myself, and I finished the farmer’s education. During that, it turned out 
that I have some problems with my health related to rheumatism, and I thought well, maybe I 
should find a way to be in the sector so to speak but not have this goal to have my own farm. The 
education at that time was similar to this, it was a combination of school periods and practical 
training. 
 
Interviewer: Maybe you can tell us, what was it like being part of Danish agriculture during the 
BSE crisis and Mad Cow Disease? 
 
Interviewee: It was a challenge in reality. In my point of view, the best you can do is be open 
about problems. You cannot hide, in the long run you cannot hide problems, you cannot hide 
what is going on. The challenge was, ok, I have students coming from farms, parents had farms, 
milk production farms, and suddenly they said oh my god we have the BSE. So we don’t know if 
we can survive or not. So that was one part of it, that on a daily basis you had students that were 
deeply involved and they had it very close, these problems. On the other hand you can say that 
from a teaching point of view you have to deal with it: what is going on, what can we do, can we 
change, how can we avoid or get rid of this and go on. So from that aspect you can say it became 
interest, what is going? Simply to follow what steps are taken from the organizations related to 
agricultural sector and from the political level. In Denmark, in EU and globally as well. And take 
that into the teaching in fact. 
 
Interviewer: You’re saying it was a challenge, do you have an example, or a story, what was the 
reaction? 
 
Interviewee: Well actually, in the hardest time of that we had in one class two or three students 
coming from cow farms. Their parents had cow farms. And these three they all got the BSE in 
their herd. Two of them, they did not like to talk a lot about it. THe last of the three was very 
open, what did they do, what was going on, what were their challenges and their problems. 
Basically, could they survive? What did they do? So from that aspect you could say, you had the 
consequences in your daily life in the classroom, what was going on. Luckily, all three of them 
they survived and continued as farmers, and these three, they are farmers today.  
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Interviewer: Can you maybe elaborate more on the reaction of Danish farmers to the ban on 
MBM, meat and bone meal as a protein feed? 
 
Interviewee: When it was explained why this must be done, there was an extremely good 
understanding of it. But in the very beginning many farmers all said “well you just caused us 
another problem, now you’re putting something extra on us, now we have to find a new way” but 
this period was not very long. Very soon it came that “we have to do something”. No matter 
what they could say, ok if we do not do anything, if we just continue, then our market will close 
down. So, ok then we are back to economy. But it was from a financial or economical view in 
the very beginning, but very soon it became this discussion: ok actually, you can say you make 
your livestock to become cannibals. I mean that’s the reality. Is that clever? Even conventional 
farmers they said, basically, this is not natural. It is not natural that we make our pigs or our cows 
cannibals. And this is what we are doing. And then there was a huge understanding, and they 
said “ok now we have to do this and it must go very fast” 
 
Interviewer: You are saying “now we need to do this”, but what was the alternative back then?  
 
Interviewee: There was no alternative to change. From my point of view there was no alternative 
to change. I mean, if we will not do anything, we will just continue.. if that has been the reaction, 
what would happen? We could see that it was the consumers were aware of this, but ok what are 
Danish farmers going to do, will they change? I will say that the main part of the discussion 
became more or less objective, that the farmers could explain we have done this because we 
believed this was ok, but now we can see it causes a lot of problems. And it makes the consumers 
insecure. This will just cause us even more problems. 
 
Interviewer: So in practice, just after the MBM ban, Danish farmers, they needed to use a 
different protein feed. What then was the options, within the practice of agriculture?  
 
Interviewee: Yeah what did they start to use… it is possible to find other sources, and of course 
they did, because... what else? You could say that such a situation shows that, not only in 
Denmark but let’s just take that as an example, shows the connection between the farmers and 
the research system. That there is a close connection, you might have seen that or know a little 
bit about that, and that means that the farmers they believe that the researchers do what they can. 
I mean, and they do it as soon as they can. And the results and the advice that they farmers can 
have… that the research and advisory sector they are bound to the farmers as much as possible. 
And that’s typical in Denmark, that you have this close connection, and ok now this is a 
challenge, this is a problem, this is a task we have to deal with together. We are not opponents, 
we have to deal with this together. 
 
 100 
Interviewer: Do you remember, what were the researchers or natural scientists saying back then, 
what was their advice? 
 
Interviewee: Actually, very early in the crisis, there were well respected researchers saying this 
bone meal is, well, we have to find other ways. So it was researchers that have a name. The 
farmers but also “the rest” i will say, listened to them. It’s one thing that the farmers listened to 
them, but the political system listened as well. Ok, we must find a way through this. 
 
Interviewer: During 1999-2004, there was a moratorium on GMOs in Europe, do you remember 
this point in time? Within this, Denmark was also part of this moratorium, can you say 
something about the role that Danish farmers had in this initiative, did they have something to do 
with it? 
 
Interviewee: During the years, the Danish farmers, there have been different opinions about 
GMO. Also among the conventional farmers, “yeah but look, this might not be the cleverest way 
to go, to accept that we can produce GMO crops” and others say “but it will be nice and it will be 
easy, and then we just have to use mainly one chemical, it will be better for us and there are no 
risks.” But I will say the main part of the farmers, the biggest part, they said “well look, again we 
have to listen to what… I mean we are 2% of the population! What does the rest have to say”? 
Those who are supposed to buy our products, will they accept it or not? So, there was… the main 
part of Danish farmers they have had some kind of skeptical point of view on GMO.  
 
Interviewer: I think what you just said it leads to, if you are looking on the EU, there came a 
regulation in 2003, 2004 it came into force, regarding GM food and feed. I am wondering, before 
this regulation, before this labeling regulation, Danish farmers couldn’t recognize GM products, 
if they were from let’s say GM soybeans or not. How does this unknown, or uncertainty in what 
you feed your animals, how does it impact the farmers? 
 
Interviewee: Honestly I think that the main part, they did not care about it basically, in reality. I 
believe it was like that. We do not know much about it so we just… ok. 
 
Interviewer: So then what was then the factor for farmers, maybe we don’t care what type of feed 
we bring, how did they choose what feed to bring? 
 
Interviewee: What will give the best growth for the lowest price. 
 
Interviewer: Efficiency, production, that makes sense... 
 
Interviewee: Yeah, yeah. It does. (Laughter) 
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Interviewer: Then in 2004, at least GM feed was enabled in Danish agriculture, for almost all 
livestock production, except poultry. How would you explain the reasons for this exception. 
What could be the reasons, what could be the factors? 
 
Interviewee: I think that in… at that time and in the years before there had been a pretty much 
focus on production of poultry. Again, from the consumers. I think that we must say that in this 
aspect, at that time, the poultry producers were maybe a step ahead the pig producers, in how 
they looked at the situation between the producers and the consumers. This discussion about 
what is the consequence for the chicken, if it has to grow in 35 days, well it becomes a cheap 
meat, but is it good meat? That discussion took place before this, but on the other hand, you can 
go to the shop and see a lot of people, also at that time, say here we have a chicken and it is 
organic or it has grown up during a longer period, and this is the price, and here you can buy 4 or 
5 chickens for 100 kroner, deep frozen. 
 
Interviewer: Both produced in Denmark? 
 
Interviewee: You can find both produced in Denmark, of course. But still those chickens, 5 for 
100 kroner, they have to grow fast and it has to be, well it must not be too expensive. Because if 
not then you can import them from wherever.  
 
Interviewer: You are talking about feed and growth, poultry in 35 days, a good example here. 
What impact does soybean-based protein have on poultry? On the chicken itself, on the 
production? 
 
Interviewee: On the production you can say that so far it has during the years been not that 
expensive feed. So again, that is one thing. I think that how the farmers look at it, they say we 
can have it, it’s easy, it’s not that expensive, and the chickens grow from it. But the 
consequences for the chicken I don’t know, simply, if you look at it like that. 
 
Interviewer: Is protein feed important in the production of poultry? Can you have a production 
without protein? 
 
Interviewee: I believe you will need another kind of protein, no matter what. I mean if you have 
a production, where you have to sell, then yeah. 
 
Interviewer: So if you are a farmer of livestock, let’s say poultry, and you need to decide what 
protein feed you are going to use, how does soyabean compare to other types of protein, where I 
am guessing there is a lot, from what you are saying, for the Danish farmers? 
 
Interviewee: I will say that the main part of the farmers, again, and I repeat myself I know, they 
will look at the price. Where can they get the best profit in the end of the day. This will take 
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place until a situation where the pressure from the consumers, from no matter where, if it is 
Danish consumers or if it is for this part that is exported, unless a demand of other products or 
products produced in other way or with other feed will be so high, then it will change. That’s 
another part of this story, that until now at least we have seen that the farmers are able to change, 
if the demand changes then they change their production. The problem today is that many 
farmers they have invested so much and many of them they have so much debt that, well, can 
they afford to change here and now? In the long run the question is, can they afford not to 
change. But if you look at your daily economy, what is the consequence if I change? will my 
production go down in a period, will the price in my products go down, I know what I have now, 
do I know what I will get in the future? 
 
Interviewer: If soybeans -- I know we are talking a lot about soybeans, but this is a largely 
exported GM crop you could say, at least one of them, if that is so important to livestock 
production, why not grow them here in Denmark? 
 
Interviewee: I am not sure that we can grow it due to the climate. That could be one thing. 
Perhaps in the southern part of Europe it can, there has been some production in Romania. I hope 
and I think that it will… that the demand on other sources than soybeans could make it relevant 
to make other sources simply. What could we produce in Denmark? It is a discussion and a 
relevant discussion among organic and ecological farmers, how can we, what kind of crops can 
give us the needed protein for our livestock production? One thing that could be a possibility 
could be horse beans. There is some research going on, how could that be relevant, and it seems 
like it could. We have a neighboring farm, he grows some horse beans, and he says right now the 
price is so good, it is a very beneficial or profitable crop right now, and he has no doubt that 
there is a future for that, and it can be produced in Denmark. 
 
Interviewer: Even with the large production that there is in Denmark... 
 
Interviewee: Maybe not...  
 
Interviewer: But maybe within the EU? 
 
Interviewee: Yes that could be a possibility. For instance in Sweden, we have a similar 
discussion in Denmark, but in Sweden they have already taken some rather important steps due 
to the production of soybeans to say ok we have some certain demands, due to the production, 
even if it takes place in Argentina, Brazil or wherever, if we should buy this from you, then you 
have to produce it in a way so there is no problems when we take it to Europe, so we can tell our 
consumers that this is produced under these and these conditions. Not just cutting rainforests. 
The Danish, Landbrug og Fødevarer, they have drawn themselves from this discussion, well now 
we wait a bit and see because now things are changing. That’s one of the sad or bad stories you 
can say around that organization right now. Well look, now you are just looking at the few 
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thousand highly effective pork producers in Denmark, I mean their situation, that’s ok, but what 
about the future?  
 
Interviewer: Talking about the future, let’s talk about the present for a bit. Can you describe 
shortly the current economic and political status in Danish poultry production? 
 
Interviewee: Well so far right now there is a… I believe that for many of the producers there is 
quite a good or ok economy, what we see is, and we have seen during the last 10-15 maybe 20 
years, that demand of other kinds of meat has increased. I mean that there has been a change in 
meat consumption from beef, and from pork, to more “light” (laughs) meat types, like for 
instance poultry. There is a higher demand today than there was years ago. If people really would 
change, they should say we don’t want to buy these 4 chickens for 100 kroner, but better to buy 
chickens produced in a better way, from my point of view, then you have to pay a bit more, then 
the taste is a bit better. From my point of view, but you know taste can be different. So we are as 
consumers still looking at prices. 
 
Interviewer: As a business model, would you say… how could you describe, you can take also 
the Danish agriculture but I’m trying to reduce it... 
 
Interviewee: The main part of the poultry production takes place on huge… on farms where they 
produce many, many, many poultry or many, many, many chickens. 
 
Interviewer: So there are not that many suppliers you are saying... 
 
Interviewee: No there’s not that many suppliers, that’s one thing, and there have been producers 
saying “ok we will produce in another, they should have more space, they should not be 
produced so fast, it could be nice if they can walk when they are grown up and do more than just 
sit” and of course that makes it more expensive, but there is a market. On the other hand we have 
seen this market has fluctuated more the last years more than the conventional, or cheap 
chickens. The chickens that are more pricey, some of those productions they have had a tough 
time the last couple years. Also because it has been rather difficult to say ok… the 
overproduction or  production that could not be sold in Denmark has been difficult to export due 
to the financial crisis. 
 
Interviewer: So the financial crisis around 2008 is affecting prices?  
 
Interviewee: It is affecting prices, it is affecting production, and it doesn’t matter what kind of 
farm you have, what kind of production, because one and maybe in reality, maybe if we look at 
the total sector one of the biggest problems right now is the amount of debt in te agricultural 
sector, which is 360 billion kroner, and that means that during this crisis, and there is many 
reasons, I mean the farmers have made these decisions themselves, they have invested and 
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invested and invested. There is this situation where if you will increase your livestock production 
then you must find more land. There should be a harmony between the land you have access to 
and your livestock production. That means the prices on land have increased until 2008-2009, the 
prices on farmland have just increased and increased and increased. Because the farmers have 
demand, the banks have said if you buy more land then you can have 15 cows more, or 200 sows 
more, then you get a bigger production and your economy will be better. Not necessarily will I 
say, but that’s how it was. The challenge, the problem in reality, one thing is the farmer pays the 
are certain price up to 300,000 for one hectare of land up til 2009 or someting like that. The 
problem is that the banks have accepted that, so when they gave the loans to the farmers, they 
said we give the loans from that price, so we value the land to 250-300,000 per hectare, even 
though everybody knows that if you are looking at one hectare by itself it will never be profitable 
to pay 250,000. It can be profitable on the basis that you have a livestock production. But if you 
only look at the land it’s crazy, you should only pay 100,000 or something like that. According 
to that, this authority Finansstyrelsen decided in 2010 or something like that, especially because 
a lot of middle sized banks were in problems, they had loaned out too much money to real 
property developers and all that, but also to the agricultural sector in some part of the country at 
least, and then suddenly they come and say, well you have a bank, you have a problem because 
you cannot fulfill the legislation. So you have to find a way, and you have to put x amount of 
millions aside as risk for losing money. For instance from farmers. So they decided nearly during 
a night, to say “we don’t care what the farmers have paid for the land, we don’t care how high 
the banks have valuated farm land, you are not allowed to valuate farmland for more than 
140,000 kroner per hectare.” Then the farmers have a problem because if they have paid 300,000 
and suddenly they only have a value from that aspect of 140,000 then suddenly they are going 
and becoming… they could not borrow more money, they could not sell the farm, because they 
would still have a lot of debt if they did. So from my point of view, that is one of the biggest 
problems, challenges from the sector, it is the debt. You are so vulnerable. 
 
Interviewer: So how could the change in February 2014 to GM feed affect the market, which 
changes can it make, how can it influence the Danish poultry sector? 
 
Interviewee: Here and now it might be a situation where the feeding cost will be a bit lower, if 
you calculate per unit, and I am surprised that it has, that there has been so little discussion in the 
public. Yeah there has been articles about it, there has been discussions, but not very much and 
nearly not today. So when the consumers, if they don’t know or if they don’t care, well then 
there will be no influence. But I believe that during a longer period they will start to care, when 
they find out, when more find out that, ok this is the situation. Then it can change the demand. 
 
Interviewer: So would you say it depends on the public and it’s rate of resistance? 
 
Interviewee: Yeah it does, because what the farmers, what the poultry organizations have done 
so far is say “ok GMO - we let the pig producers, the milk producers use it, but we are free of it.” 
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So they could use that as part of their brand, because they are a part and a bigger and bigger part 
of the consumers that are aware of this, or find it problematic.  
 
Interviewer: But it seems that they kind of used it over the past 10 years? 
 
Interviewee: Yeah they kind of used it. But still at least now they cannot say there is nearly no 
GMO in our chickens, so they cannot used that part to brand ourselves. But they can say maybe 
we can make our meat less expensive. But that will… a group of consumers will say that is very 
good, but even those who don’t find that good with GMOs, but that group is growing. I believe 
that. We have seen it before, when something shows up, and the media starts to focus on that, 
then the public’s reaction can change. If that changes, then the production itself can change after 
a while. 
 
Interviewer: What kinds of environmental considerations do Danish farmers make within the 
agricultural production, in general. What kind of environmental considerations do they take into 
account? 
 
Interviewee: Yeah… In general most farmers, at least they pretend that they care about the 
environmental, or the environment, and they do of course, I mean in some cases we see and have 
seen for a longer period, the consequences of using a lot of chemicals, fertilizers, and see that the 
soil on conventional farms, you cannot say that this is how it is on all conventional farms, but 
actually on some conventional farms, with their soil, it is not alive anymore. They have used too 
much manure or slurry, I mean not too much in that it is regulated how much you must spread 
per hectare, but if you do it year by year by year, and you are producing the same crops because 
its easy and you need it for feed. I mean, father and my grandfather, they knew, and of course 
today’s farmer know as well, but it is needed that you change the crop every year. Don’t grow 
the same crop on the same area year by year by year. You can do it 2 or 3 years, but in the long 
run you have to add more fertilizer or slurry. If you are conventional you risk that you grow 
some diseases. There are some diseases they can be specific on a special type of crop, for 
instance it is not… you cannot produce potatoes on the same area year by year by year. 
Everybody knows, and they don’t do it. Because they know they have diseases, pests, or 
whatever there comes, because when you have the production you have the risk that it leaves 
something behind when you harvest it, and then well if you come with another crop then it will 
disappear after some years and you can produce potatoes again. Pretty much the same with sugar 
beats. But actually you can produce wheat year by year by year it is possible. But in the long run 
the consequences are that that area, if you do it like that, instead of producing some different 
crops year by year by year, then you at least help the soil to keep in good shape. Look it’s not 
new knowledge, but it’s a knowledge that maybe 2 or 3 generations of farmers have forgot. They 
learn it, not only here at an organic school, but also on other schools, schools that are more 
focused on conventional farmers, they teach students that aspect as well, on crop rotation. But 
the organic farmers they have to do it.  
 106 
 
Interviewer: In practice, the Danish farmer, let’s say livestock production because the rotation is 
also important there, but when someone buy’s feed for example, what is the scope, what is the 
environmental consideration when you actually pick this product, not this one? 
 
Interviewee: Not much. It’s the price. (Laughter) I know it’s my standard answer, but the price is 
very, very important. 
 
Interviewer: I guess you are so much in the business that you know what affects farmers, at least 
in the last 25 years... 
 
Interviewee: Yeah it does.  
 
Interviewer: So not much you would say? 
 
Interviewee: No, and yet… but still, we saw in… 2006, 2007 the world market for the production 
of grain, wheat, barley, especially wheat on the world market, 2008 maybe, there had been a 
lower harvest in Australia, Canada, Russia, Ukraine, and that affects the world market, that 
affects the prices. And it was pretty much two years in a row that this happened - especially for 
wheat - increased, and then EU decided, that a part of this land that is set aside, ok you are 
supported as a farmer, not to produce on that, they opened that a part of that could be included in 
the crop production, and the problem was that a part of this land was set aside, not because of 
overproduction, but because of the environment. 
 
Interviewer: You’re talking about subsidies for land that you don’t use as a farmer, you just leave 
it like this for wildlife…? 
 
Interviewee: Exactly, and the EU decided that ok you can take a part of that land, into your 
normal crop production. They decided that as a consequence of the extremely high prices of 
wheat on the world market, meaning that the bread prices increased dramatically, and when that 
happens the a lot of other things increase. If we can produce more then we can avoid at least part 
of the increase in prices. The challenge is that when you do such things, it is very very difficult 
to go back. Now we take that land again and force you to put it back, and not to produce on it. So 
it was quite shortsighted from my point of view. For most farmers it was quite few hectares, so 
the total influence, the influence of that quite few hectares on the total economy was not that big, 
but it was more the way of thinking on it. 
 
 
